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PRESIDENTIAL  ADDRP:SS 
By  Arthur  A.  Cole 

Annual  Meeting,  Montreal,  March,  1917. 

Conditions,  in  general,  during  the  past  twelve  months  in 
respect  of  the  mining  and  metallurgical  industries  of  the  Domin- 
ion have  been  satisfactory.  The  abnormally  high  prices  of  metals 
have  increased  profits  and  stimulated  output.  Even  silver, 
the  market  for  which  during  the  first  eighteen  months  of  the  war 
was  depressed — in  fact,  for  a  time  the  market  quotation  for  this 
metal  was  the  lowest  ever  recorded — has  since  appreciated 
notably  in  value,  and  now  commands  a  higher  price  than  at  any 
period  during  the  past  twenty  years.  The  result  of  these  favour- 
able conditions  is  indicated  clearly  in  the  returns  of  the  mineral 
production  of  Canada  for  the  year  just  closed,  representing  as 
they  do  a  new  high  level  mark.  The  year  was  also  a  busy  one 
for  the  Canadian  Mining  Institute,  among  whose  activities 
may  be  mentioned,  in  particular,  an  important  work,  initiated 
at  the  request  of  the  Rt.  Hon.  Sir  George  E.  Foster,  the  purpose 
of  which  was  to  ascertain  what  practical  measures  might  be 
taken  to  ensure  that  the  control  of  the  mining  industries  and 
metal  trades  of  Canada  be  secured  and  retained  by  Canada.  The 
services  of  the  Institute  were  utilized  also  by  the  Department  of 
Militia,  to  which  assistance  was  rendered  in  respect  of  the  selec- 
tion and  appointment  of  mining  engineers  applying  for  officers' 
commissions  w4th  tunnelling  units;  as  well  as  in  the  recruiting 
of  miners.  Furthermore,  in  response  to  recommendations 
originating  from  the  Institute,  an  investigation  was  undertaken 
under  Federal  Government  auspices  by  the  Forest  Products 
Laboratories  and  the  Mines  Branch,  to  ascertain  the  feasibility 
of  the  production  of  flotation  oils  from  Canadian  wood  products. 
Important  results  from  this  investigation  will,  I  understand,  be 
submitted  to  you  very  shortly.  It  should  be  mentioned  also 
that  the  influence  of  the  Institute  was  exerted  successfully  to 
avert  a  threatened  restriction  of  the  supply  of  cyanide  to  Cana- 
dian mines  from  Great  Britain.  The  action  that  was  taken, 
and  the  representations  that  were  made,  to  prevent  the  creation 
of  a  condition  that  would  have  had  a  most  serious  and  numbing 
effect  on  our  precious  metal  industries,  were  not  only  successful 
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in  achieving  their  direct  object,  but  were  conducive  to  the  bring- 
ing about  of  the  present  satisfactory  situation  whereby  Canada 
is  assured  of  receiving,  in  future,  ample  supplies  of  cyanide  at  a 
lower  price  than  anywhere  else  in  the  world. 

During  the  year  also,  a  metallurgical  section  of  the  Insti- 
tute, was  successfully  organized,  and  already  has  afforded  us  an 
opportunity  of  extending  the  scope  of  our  endeavour  and  use- 
fulness. In  short,  the  past  year  has  been  one  of  the  most  active 
as  well  as  the  most  successful  in  the  history  of  the  Institute. 
This  is  due  mainly  to  the  loyalty  of  and  the  interest  displayed 
by  our  officers  and  members.  In  particular,  I  desire  to  express 
grateful  acknowledgment  of  the  services  rendered  by  the  members 
of  the  Council,  by  those  who  served  on  special  committees  dur- 
ing the  year,  and  by  the  executive  committees  and  officers  of  our 
local  branches. 

The  activities  I  have  enumerated  constitute  a  part  merely 
of  the  work  undertaken  by  the  Institute  in  the  general  interests 
of  the  mining  and  metallurgical  industries  of  the  Dominion,  of 
which  it  is  now  recognized  as  the  mouthpiece,  and  as  such  its 
influence  is  steadily  growing.  Our  membership  is  also  increas- 
ing, but  possibly  at  not  so  rapid  a  rate  as  it  might.  This  may 
be  explained,  I  think,  mainly  by  the  fact  that  much  of  the  capital 
invested  in  the  development  and  operation  of  mines  in  this  coun- 
try is  of  foreign  origin.  In  a  great  number  of  instances  the 
members  of  the  technical  staflfs  of  these  mines  are  not  natives 
of  Canada,  and  have  little,  if  any  knowledge  of  the  work  that 
is  being  done  and  has  been  done  by  the  Institute  to  benefit  the 
industry.  Mining  men,  as  a  class,  however,  in  common  with  all 
who  travel  extensively,  are  distinguished  by  their  lack  of  insular- 
ity, and  their  breadth  of  vision.  They  are  also  fair-minded; 
and  consequently  I  am  convinced  that  our  membership  might 
be  increased  materially  if  only  representations  concerning  the 
aims  and  accomplishments  of  the  Institute  were  intelligently 
made  to  all  those  engaged  in  mining  in  Canada  (no  matter  of 
what  nationality)  who  are  eligible  to  become  members,  but  have 
not  yet  applied  for  membership.  Hence,  I  suggest  that  a  strong 
and  energetic  central  committee  be  formed  to  consider  and 
prosecute  this  project.  By  enlisting  the  co-operation  of  the 
local  branches  much  of  the  territory  could  be  covered  effectively ; 
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but  the  success  of  any  efforts  that  can  be  made  in  this  direction 
must  necessarily  depend  in  a  large  measure  on  the  zealous  co- 
operation of  individual  members,  whose  assistance  therefore 
towards  the  attainment  of  the  aim  to  make  the  Institute  an 
even  more  representative  organization  than  it  now  is,  is  earn- 
estly invited. 

Special  attention,  moreover,  should  be  directed  to  enlisting 
the  co-operation  of  the  large  metallurgical  and  mining  companies 
throughout  the  country.  Some  of  these  are  well  represented 
in  our  Institute,  others,  however,  are  far  from  being  so.  Large 
corporations,  such  as  those  I  have  in  mind,  when  planning  any 
important  innovation  in  practice  or  addition  to  plant,  commonly 
commission  their  heads  of  departments  to  visit  mines  and  works, 
often  at  very  distant  points,  to  seek  information  and  to  learn 
from  the  experience  of  others  whose  operations  have  been  along 
the  lines  concerning  which  knowledge  is  desired.  This  entails 
a  considerable  expense,  but  its  justification  has  been  more  than 
proved  by  the  results  obtained.  In  the  same  way,  it  would 
repay  these  corporations  a  thousandfold  to  take  the  trouble 
to  interest  their  technical  employees  and  foremen  in  the  Institute 
and  its  W'ork;  and  even  if  it  were  necessary  for  the  corporations 
to  pay  the  fees  of  certain  members  of  their  staffs  and  defray 
the  expenses  of  some  of  their  technical  employees  to  enable  them 
to  attend  the  Annual  Meetings,  it  would  be  greatly  to  their  pro- 
fit to  do  so.  Again  why  should  not  the  large  mining  corpora- 
tions present  a  life-membership  in  the  Institute  as  an  award 
of  merit  to  those  of  their  employees  who  proved  deserving? 
Such  an  action  would  demonstrate  the  company's  appreciation  of 
the  usefulness  of  the  Institute,  while  it  would  also  be  an  appro- 
priate means  by  which  recognition  of  faithful  and  efficient 
service  by  an  employee  could  be  shown.  Of  corporations  to 
which  these  suggestions  might  well  be  submitted  for  considera- 
tion, I  could  name  readily  at  least  three  in  Nova  Scotia,  three 
in  Quebec,  nine  in  Ontario,  three  in  Alberta,  and  three  in  British 
Columbia.  The  addition  of  desirable  men  to  our  membership 
roll  would  necessarily  strengthen  our  organization,  and  conse- 
quently increase  our  ability  to  assist  towards  the  more  efficient 
organization  of  our  mining  industries. 

Since  Canada  became  a   nation    the  lack  of  co-ordination 
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has  been  the  outstanding  defect  in  our  administrative  methods. 
Its  drawbacks,  however,  are  more  in  evidence  at  the  present 
time  when  the  need  for  concerted  action  has  become  apparent 
and  insistent.  The  more  one  studies  the  situation  the  more 
appallingly  apparent  becomes  our  unpreparedness.  We  have, 
for  example,  enormous  masses  of  information,  that  would  be  of 
incalculable  value  to  industry,  buried  in  different  Governmental 
Departments  (both  Federal  and  Provincial),  in  our  Universities, 
and  in  corporation  and  private  offices,  but  up  to  the  present  we 
have  had  no  one  possessing  the  necessary  power  or  initiative  to 
make  it  available  so  that  it  might  be  turned  to  practical  account 
in  the  national  interests.  Our  crying  need  is  for  co-ordination 
of  effort  and  co-operation  betu-een  the  various  agencies  and 
organizations  of  the  Dominion  in  the  important  work  of  striving 
to  place  the  country  in  a  more  self-respecting  position  than 
it  has  occupied  heretofore  of  being  largely  a  hewer  of  wood  and 
drawer  of  water  for  the  United  States.  The  great  need  is  for 
a  centralized  direction.  In  the  Mother  Country  a  War  Council 
of  five  members  is  supreme.  Some  such  strong  central  organiza- 
tion is  what  we  require  in  Canada  to  take  command  and  to 
organize  our  industries.  As  staunch  upholders  of  the  principle 
of  democratic  freedom,  we,  as  Canadians  will  take  second 
place  to  the  citizens  of  no  other  nation  on  earth;  nevertheless, 
under  the  present  conditions  we  would  be  ready  even  to  acknow- 
ledge and  follow  a  Dictator  if  such  a  one  could  prove  his  ability 
to  re-organize  effectually  our  national  and  industrial  affairs 
and  methods.  At  the  same  time  we  already  have  in  the  differ- 
ent Governmental  Departments  excellently  qualified  men  who 
should  be  recognized  as  leaders  in  their  respective  fields.  They 
should  be  given  that  opportunity;  and  if  they  failed  to  lead  be 
replaced  by  others  who  would  succeed.  With  a  strong  central 
Industrial  Council  armed  with  the  necessary  authority,  the  dif- 
ferent Governmental  departments  could  first  be  organized;  and 
then  societies,  such  as  our  own,  and  corporations  and  individuals 
ready  to  assist,  could  be  directed  what  to  do,  so  as  to  ensure 
concentration,  conservation  and  real  efficiency  of  effort  towards 
the  attainment  of  the  desired  end.  About  a  year  ago  a  Com- 
mittee of  the  Institute  submitted  a  report  on  the  status  of  the 
Canadian  mining  industries  to  the   Rt.   Hon.   the  Minister  of 
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Trade  and  Commerce.  Embodied  in  this  report  were  certain 
recommendations  of  a  general  nature,  indirectly  relating  to,  but 
nevertheless,  importantly  bearing  on  the  subject  of  the  report 
which  dealt  essentially  with  the  possibilities  as  regards  the 
utilization  of  our  mineral  resources  to  greater  national  advan- 
tage. One  of  these  recommendations  urged  the  imperative 
necessity  of  the  appointment  of  a  Commission  to  organize  de- 
partments of  the  Civil  Service  for  the  purpose  of  correlating 
information  respecting  resources,  trade  and  industry.  Such  a 
Commission  has  since  been  appointed,  and  we  now  look  to  it  to 
accomplish  successfully  the  task  with  which  it  has  been  entrusted. 
That  task  is  as  colossal  as  the  need  for  its  achievement  is  im- 
perative. 


SODIUM  SULPHIDE  PRECIPITATION  OF  SILVER 
AT  THE  NIPISSING  MINE. 

By  R.  B.  Watson,  Cobalt,  Ont. 

Annual  Meeting,   1917 

The  effect  of  the  war  in  changing  existing  conditions  especi- 
ally those  relating  to  the  supply  and  prices  of  materials,  has  been 
felt  in  many  industries.  This  has  not  been  wholly  harmful  for 
it  has  stimulated  research  for  substitutes,  some  of  which  will 
be  found  better  than  those  formerly  in  use  and  will  remain  in  use 
after  conditions  have  becomeagain  normal.  This  is  exemplified  in 
the  precipitation  practice  at  the  Nipissing  low  grade  mill.  E. M. 
Hamilton  has  described'  aluminum  dust  precipitation  at  the 
Nipissing,  and  has  shown  that  this  method  is  not  only  cheaper 
than  zinc  dust  precipitation,  on  account  of  the  regeneration  of 
cyanide,  but  that  the  latter  method  could  not  be  used  in  this  case 
on  account  of  the  deleterious  effect  of  zinc  and  arsenic  contained 
in  the  mill  solutions.  Before  the  war,  aluminum  dust  cost  33.82c. 
and  caustic  soda  2.11c.  per  pound,  laid  down  at  the  mine.  At  the 
expiration  of  our  contract  for  aluminum  dust  in  May  1916,  the 
lowest  price  at  which  dust  could  be  bought  was  90c.  per  lb.  and 
caustic  soda  had  risen  to  5.77  per  lb.  At  these  prices,  the  in- 
creased cost  for  these  two  chemicals  would  have  amounted  to 
about  833,000  per  year.  This  was  excessive  and  necessitated  the 
finding  of  a  substitute  immediately.  The  utilization  of  sodium 
sulphide  as  a  precipitant  appeared  to  present  the  most  promising 
solution  of  the  difficulty;  and  the  experiments  carried  out  by 
J.  J.  Denny,  in  charge  of  the  Company's  research  department, 
were  so  satisfactory,  that  in  June,  1916,  the  process  was  adopted 
for  the  precipitation  of  all  the  mill  solutions. 

Hamilton  suggested  two  objections  to  the  use  of  sodium 
sulphide  for  this  purpose:  one,  that  complete  precipitation  could 
not  be  obtained  without  using  an  excess  of  the  reagent;  and  the 
other,  the  difficulty  of  producing  silver  sulphide  instead  of  met- 
allic silver.  As  regards  the  first  point,  it  was  found  in  practice 
that  the  solution  could  be  precipitated  to  .2  oz.  silver  without 
showing  an  excess  of  sodium  sulphide  in  the  barren  solution.  The 

^Engineering  and  Mining  Journal,  May  10th,  1913. 
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second  objection  was  met  by  converting  the  silver  sulphide  to 
bullion  by  using  the  same  principle  employed  in  the  desulphur- 
ization  of  the  raw  ore  before  it  is  sent  to  cyanide  treatment.  This 
principle  is  that  the  various  sulphide  combinations  of  silver  are 
decomposed  by  cont^ict  with  metallic  aluminum  in  a  caustic  soda 
solution:  its  successful  application  to  the  treatment  of  Nipissing 
ores  was  worked  out  by  Denny  and  has  been  described  by  him.* 
This  is  the  important  feature  of  the  process,  since  it  gives  fine 
bullion  as  a  final  product  at  a  small  cost.  In  the  former  days  of 
the  sodium  hyposulphite  process,  before  silver  ores  were  treated 
by  cyanide,  the  treatment  and  marketing  of  the  'sulphides' 
produced  was  the  essential  obstacle.  Various  methods  were 
devised  for  the  treatment  of  this  product  at  the  plant,  but  they 
were  costly  and  unsatisfactory:  the  best  of  these,  however,  was 
the  Dewey-Walter  process  in  use  at  the  Marsac  mill,  Park 
City,  Utah. 

The  reactions  involved  are  as  follows: 

L— 2  Na  Ag  Cyz  +  Na^  S  =  Ag-^  S  +  4  Na  Cy. 

2.-2  Al  +  5  Na  OH  +  3  Ag^S  =  Na^  Alj  O^  +  6  Ag  +3  NaH  S  +  H2O. 
3.-2  Al  +  8  Na   O   H  +  3   Ag^S    =  Na-jAl-^    0^  +  3    NaaS  +  6  Ag 
+  4  HiO. 

The  commercial  sodium  sulphide  used  is  supposed  to  be  NajS 
plus  9  H2O;  this  would  be  equivalent  to  32.5%  NajS.  A  con- 
centrated form  of  sodium  sulphide  can  be  had,  which  promises  to 
work  out  cheaper  than  the  ordinary  brand. 

By  equation  (1)  it  would  require  .076  lb.  avd.  of  commercial 
sodium  sulphide  to  precipitate  one  troy  ounce  of  silver.  In 
practice  the  amount  required  is  .12  lb. 

In  the  desulphurizing  operation  as  shown  in  equation  (2) 
one  troy  ounce  of  silver  requires  .021  lb.  of  NaOH.  This  would 
be  .028  lb.  of  commercial  caustic  soda  carrying  76%  NaOH. 

If  an  excess  of  caustic  is  present  in  the  operation,  the  re- 
action shown  in  (3)  is  apt  to  take  place,  in  which  case  .034  lb. 
of  NaOH,  is  used  for  each  ounce  of  silver  desulphurized.  To 
prevent  this  taking  place,  the  amount  of  silver  present  in  the 
charge  to  be  desulphurized  is  estimated  as  closely  as  possible  and 
.03  lb.  of  commercial  caustic  soda  is  added  for  each  ounce  of 
silver  contained. 


^Mining  and  Scientific  Press,  September  27th,  1913. 
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The  theoretical  amount  of  aluminum  necessary  to  desulphur- 
ize one  ounce  of  silver  is  .0057  lb.  avd.;  the  amount  actually  used 
in  practice  is  .006  lb. 

Apparatus  Used. 

The  sodium  sulphide  is  dissolved  in  an  iron  barrel,  2'6"  in 
diam.  by  4'  deep,  into  which  is  flowing  constantly  a  small 
stream  of  barren  solution  from  the  filter  press.  The  barrel  is 
divided  by  a  vertical  partition  reaching  nearly  to  the  bottom: 
there  is  an  excess  of  sodium  sulphide  in  the  barrel  and  the  over- 
flow pipe  located  on  the  other  side  of  the  partition  from  the  in- 
flow carries  the  precipitant  to  a  tank,  5'  in  diam.  by  6'  deep, 
where  it  is  agitated  with  the  pregnant  solution  which  is  then 
pumped  to  the  Merrill  filter  press.  The  amount  of  sodium 
sulphide  added  is  regulated  by  a  boy,  who  constantly  tests  the 
inflowing  barren  solution  with  pregnant  solution  and  with  sodium 
sulphide  to  determine  whether  there  is  an  excess  of  sodium 
sulphide  or  unprecipitated  silver  present  in  the  discharge  from 
the  press.  The  amount  of  barren  solution  coming  into  the  barrel, 
and  consequently  the  overflow  of  sodium  sulphide,  is  regulated 
by  a  valve  on  the  intake  pipe  in  front  of  the  operator.  This 
operation  could  be  carried  out  more  precisely,  perhaps,  by  precipi- 
tating a  tankful  at  a  time;  but  in  our  case,  the  tank  capacity  was 
not  avail'able  The  solution  from  the  filter  press  is  aerated 
thoroughly  in  the  barren  solution  tank  by  air  lifts  and  a  large 
circulating  pump,  the  object  being  to  oxidize  any  sodium  sulphide, 
should  there  happen  to  be  a  slight  excess  in  the  precipitated 
solution.  The  shift  man  always  tests  the  solution  for  soluble 
sulphide  before  running  it  to  the  treatment  tanks,  and  no  bad 
effects  have  been  noticed  from  this  cause.  Aeration  is  used  in 
preference  to  lead  salts  as  lead  has  a  bad  effect  on  extraction. 
A  pressful  of  sulphide  precipitate  contains  25,000  oz.  of  silver. 
This  is  thrown  into  a  tank  7'  in  diam.  by  5'  deep  and  the 
proper  amount  of  caustic  soda  is  added,  figuring  .03  lb.  for  each 
ounce  of  silver;  the  dilution  is  4  parts  of  solution  to  1  of  sulphide; 
the  strength  of  the  solution  in  NaOH  is  about  8%.  The  pulp 
in  the  tank  is  kept  mixed  by  the  usual  mechanical  stirring  device. 
Over  this  tank  is  mounted  a  small  tube  mill,  15"  in  dia.  by  6' 
long,   which   makes    10   revolutions   per .  minute.     The   charge 


Sodium  Sulphide  Precipitation  of  Silver — Watson       9 

of  aluminum  ingots  weighs  300  lb.  and  fills  the  tube  mill  half 
full.  Below  the  tank  is  a  centrifugal  pump  which  circulates  the 
pulp  from  the  tank  and  through  the  tube  mill  for  10  or  12  hours. 
When  the  desulphurization  is  about  complete  the  precipitate 
rubbed  on  a  piece  of  paper  by  a  spatula  gives  a  silvery  colour  and 
a  metallic  lustre.  It  is  then  pumped  to  another  press  where  it  is 
washed  for  two  hours;  the  resulting  product  is  mixed  with  a 
small  amount  of  borax,  charged  without  drying  into  a  reverber- 
atory  refining  furnace,  and  melted  down  to  bullion  996  fine. 
The  slag  is  put  through  a  small  blast  furnace. 

The  grade  of  the  precipitate  depends  largely  on  how  well 
the  pregnant  solution  has  been  clarified  before  precipitation,  but 
under  ordinary  conditions  it  assays  about  23,500  oz.  before 
and  26,500  oz.  after  desulphurization.  The  final  product  carries 
from  1%  to  1%  sulphur.  Gold  is  not  precipitated  in  an  alkaline 
cyanide  solution,  and  copper  does  not  come  down  if  there  is 
sufficient  free  cyanide  in  the  solution. 

Analysis  of  Precipitate  Lot  No.   79. 


Before 

After 

Desulphurizing 

Desulphurizing 

per  cent. 

per  cent. 

Ag 

81.21 

91.72 

S 

12.09 

.58 

Soluble  in  water 

2.02 

.52 

Insoluble  in  acid 

2.63 

3.03 

FeO 

.46 

.57 

CaO 

.44 

.49 

AUO3 .• 

1.32 
.14 

1.55 

MgO 

.16 

Hg 

.10 

.11 

100.41 

98.73 

The  precipitate  contained  no  Au,  Pb,  Cu,  Bi,  Co,  Ni,  Sb,  As  or  Zn. 
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Cost  Compared  with  Aluminum  Precipitation. 

Considering  the  present  war  price  of  aluminum  dust,  the 
continued  use  of  this  reagent  for  precipitation  is  out  of  the 
question.  It  would  appear,  however,  that  even  when  prices  of 
all  chemicals  used  return  to  normal,  sodium  sulphide  precipitation 
will  be  cheaper  than  the  method  formerly  employed. 

In  the  following  comparison,  pre-war  prices  are  given:  the 

quantity  of  aluminum  dust  used  per  ounce  silver  is  the  average 

for  1915. 

cents  per 
Aluminum  Dust  Method:  oz.  silver 

.0262  lb.  Aluminum  dust  @  33.82c 8861 

.05      "       Caustic  Soda®  2.11c 1055 

Labour,  power,  and  work  shops 1710 

1.1626 

Sodium  Sulphide  Method: 

.12      lb.    Commercial  Sodium  Suplphide  @  1.89c 2268 

.006    "       Aluminum  Ingots  @  19.25c 1155 

.03      "       Caustic  Soda  @  2.11c 0633 

Labour,  power  and  workshops 3020  .  7076 

DiFFERENXE  in  favour  of  Na^  S  method .4550c 

Saving  per  year  —  2,000,000  ounces  @  .455c $9,100. 

It  has  been  shown  in  Hamilton's  article  that  a  large  part  of 
the  saving  in  the  use  of  aluminum  over  zinc  dust  is  in  the  re- 
generation of  cyanide.  By  comparing  equation  (1)  with  Hamil- 
ton's equation  (4)  it  will  be  seen  that  the  regeneration  is  the  same 
when  sodium  sulphide  is  used. 

(4)  2  NaAgCy,  +  4  NaOH  4-  2  Al  =  4  NaCy  -|-  2  Ag  -f 
Na,AlA  +  4  H. 

The  process  as  above  described  is  limited  in  its  application  to 
silver  ores,  as  gold  sulphide  is  not  precipitated.  It  is  possible, 
however,  that  the  above  procedure  could  be  used  to  precipitaie 
the  silver,  followed  by  the  precipitation  of  the  gold  in  the  solution 
by  aluminum. 


MILLING  PRACTICE  AT  THE  BUFFALO  MINES, 
COBALT,  ONT. 

By  Robert  E.  Dye. 

Annual  Meeting,  Montreal,  March,  1917. 

The  first  serious  attempt  to  apply  flotation  to  the  treatment 
of  Cobalt  ores  was  made  in  the  fall  of  1915,  when  the  Buffalo 
Mines,  Limited,  under  the  management  of  Mr.  Thos.  R.  Jones, 
installed  a  50-ton  Callow- flotation  unit  with  which  exhaustive 
test  runs  were  made  on  mine  rock  and  various  mill  products. 
These  tests  led  to  the  construction  of  a  600-ton  plant  to  treat 
the  current  sand  tailing  from  tables  as  well  as  the  sand  tailing 
that  had  accumulated  since  milling  operations  started.  The 
plant  is  now  in  successful  operation. 

It  may  be  remarked  here  that  milling  practice  in  the  Cobalt 
district  varies  greatly  both  as  to  methods  of  grinding  and  of 
subsequent  treatment.  Some  mills  adhere  closely  to  a  system 
of  gravity  concentration,  in  which  the  slime  tailing  is  commonly 
discarded  and  the  sand  tailing  stacked  for  further  treatment. 
Others  employ  the  all  sliming  and  cyanide  process.  The  prac- 
tice at  the  Buffalo  mine,  up  to  the  time  of  the  introduction  of 
flotation,  was  to  crush  the  ore  in  stages  to  pass  a  12 -mesh  screen 
and  concentrate  the  coarse  grades  in  jigs,  and  the  sand  by 
tabling.  The  slime  formed  in  the  mining  operations  as  well  as 
that  formed  in  crushing  the  rock  to  pass  12-mesh  was  delivered 
to  slime  tables  and  the  tailing  from  these  further  treated  by 
cyanide;  the  cyanide  tailing  was  then  run  to  waste  and  the  sand 
tailing  from  the  concentration  tables  was  stacked. 

A  large  tonnage  of  sand  tailing  has  thus  accumulated  and 

is   available   for  retreatment.     This   product,    much   of  which 

carries  5  to  6  oz.  of  silver  per  ton,  but  which  in  the  early  days 

of  milling  carried  as  high  as  20  oz.  per  ton,  constitutes  an  asset 

of  considerable  value.     Further  crushing  followed  by  gravity 

concentration   shows   but   little   additional    recovery   of   silver, 

hence  it  was  most  desirable  to  find  a  cheap  method  for  the 

recovery  of  the  silver  in   this  low  grade  material.     In   1914, 

tests  on  a  working  scale,  demonstrated  that  this  material  could 

be  treated  profitably  by  cyanidatation. 

(11) 
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In  1915  experimental  work  on  flotation  was  commenced 
with  a  standard  two-compartment  cell,  used  as  a  rougher,  and 
a  half-size  single  compartment  cell,  used  as  a  cleaner,  both  of 
the  Callow  type.  The  grinding  was  accomplished  in  an  8-ft. 
Hardinge  mill.  The  experimental  plant  had  a  capacity  of 
approximately  50  tons  per  day.  Test  runs  on  various  mill  pro- 
ducts and  various  grades  of  ore  were  made  daily  for  several 
months. 

From  the  results  of  former  tests  on  cyanide  treatment  and 
these  tests  on  treatment  by  flotation,  the  probable  performance 
and  the  cost  of  operation  of  plants  of  the  two  types  were  esti- 
mated as  follows: — 

CYANIDE  plant,  500  TONS  CAPACITY,  OPERATION  ONLY. 

(Based  on  head  assay  of  6  oz.  silver  per  ton.) 

Handling  sand $0. 040  per  ton  ore 

Tube  milling  and  classifying 0. 500 

Agitation,  thickening,  etc 0. 160 

Heat  and  light 0.091 

Chemicals 0.487 

Attendance  and  overhead  expenses 0 .  140 

Refining 0.030 

Miscellaneous 0.172 

Tailing  loss  0.75  oz.  at  56c 0.420 

Total  cost $2 .  040  per  ton  ore 

FLOTATION  PLANT,  600  TONS  CAPACITY,  OPERATION  ONLY. 

(Based  on  head  assay  of  6  oz.  silver  per  ton.) 

Handling  sand $0. 040  per  ton  ore 

Tube  milling  and  classifying 0 .  400 

Heat  and  light 0.030 

Attendance  and  overhead  expense 0. 140 

Cell  treatment 0.080 

Drying  and  loading  concentrate 0.050 

Smelter,  including  freight  and  losses 0 .  833 

Tailing  loss  f  oz.  at  56c 0. 420 


Total  Cost $1,993  per  ton  ore 
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The  above  cstimeites  cover  operation  costs  only,  and  do  not 
include  the  high  rate  of  depreciation  which  should  be  written  off 
against  a  milling  plant  put  to  such  use.  It  may  be  remarked 
also  that  the  costs  of  treatment  by  cyanide,  as  tabulated,  were 
estimated  when  ante-bellum  conditions  prevailed,  since  when 
the  cost  of  chemicals  and  supplies  has  advanced  considerably. 

In  deciding  to  install  a  flotation  plant,  two  considerations 
seemed  to  be  of  outstanding  importance.  One  was  that  the  instal- 
lation of  a  flotation  plant  would  greatly  reduce  the  amortization 
charges,  in  that  such  a  plant  could  be  built  much  more  cheaply. 
It  was  found  possible  to  install  the  entire  battery  of  cells,  having 
600  tons  capacity,  in  the  space  formerly  occupied  by  slime 
tables  treating  50  tons  per  day.  Of  the  four  tube  mills  required, 
two  were  put  into  the  old  mill  building,  making  it  necessary  to 
provide  new  building  room  for  but  two  tube  mills.  The  other 
factor  was  that  of  the  $1,993  charged  against  flotation,  88.3c 
was  for  marketing  concentrate.  The  few  small  tests  made 
on  the  concentrate  at  that .  time  indicated  that  there  was  an 
opportunity  of  greatly  reducing  this  charge  by  treating  the  con- 
centrate locally.  With  this  information  at  hand  and  having 
in  mind  certain  difficulties  to  be  overcome,  the  Company  erected 
the  600-ton  flotation  plant. 

A  general  idea  of  the  milling  methods  employed  here  is 
obtainable  from  the  accompanying  flow-sheet  of  the  milling 
plant.  It  will  be  observed  that  the  plants  are  in  a  closed  circuit, 
and  no  final  tailing  is  discharged  except  from  the  flotation  plant. 
The  important  steps  in  the  treatment  are,  in  brief,  as  shown  on 
following  page. 

(A)  Primary  Crushing. — In  the  primary  crushing  plant  the 
run  of  mine  rock  is  delivered  from  the  500-ton  capacity  mine 
rock  storage  bin  to  a  No.  5  McCully  gyratory  crusher,  the  dis- 
charge from  this  crusher  passing  over  a  30"  picking-belt  to  a 
trommel  having  1|"  round  holes.  The  oversize  from  the  trommel 
passes  to  a  20"  x  6"  jaw  crusher  of  the  Blake  type.  The  dis- 
charge from  this  crusher  joins  the  undersize  from  the  trommel 
and  is  conveyed  to  the  mill  storage  bin. 

(B)  Stage  Crushing  and  Sizing. — The  ore  from  the  mill 
storage  bin  is  fed  to  30"  power  and  mining  rolls  set  at  f ".     The 
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FLOW   SHEET 

SHOWING  ORE  TREATMENT 

TheBufTalo  Mines.Ltmaea. 


(A)  PRIMARY  CRUSHING 

(Afinn  rock  from  SOO  fat  m,ne  im) 
Thnxjgh  a  YKA  TOf>  y  anc/  iJA  W  CRUSH £ffS 

(B)  STA  G£  CRUSHING  and  SIZING 

TTiroufh  POLLS  ona  CM/L/AN  MILL  to  12 mti/i 
S,iK/ Ify-TffOMMEL  SCf)££NS 

id  GRAVirr  CONCENTRATION 

Al( mof9r/a/  on  s/M  (6J  nresA  ^r»a*»</ on  U/GS 

I * 


ConC0/}/ry/f  ^o{e(  Toi/my  ground  fArcuyA  s^m  fAJmajA 


£7^  m/f/ay  an</ t/amifs  SAND  TABLES  To  CYAMOE PLAf/T (Fj 


r     _   /,  ~  7^  Sand  ^rom  3focA  pi/e 

(^"'^'^V  Son^>a,/,n,  /2^„L0C0a}0T/V£CPAN£ 

(D)       ^     RE-GRINDING  PLANT  .TT'^VJJ',','' 

(Trmaft  edrrwnf  aond  an& aant^  ^hom  xJOcJf pi/»/  CLAM  Sn£LL. 

I /*'coNv£yoft  H>,  s  roffA  e£  bin 

rKir(-f) S-6'x 20-0 '  TUBE  MILLS  ,n cAu</ ar^l ' iril*  CLASSiriEfIS 

Clias,f,ar  o^rfloi^   (9S%>/ur)^l,l20m»3/t;  Cyanide  failing 

lEJ  FLOTATION  PLANT  standard  flotation  cell 

'i.,'Wlr,6/efiif79f/'f>0(/BV£RC£U^irKlfbor(4Jsta>aani  CLEANEHCELLS  ,  r~  "T^         \ 

^ Contxn/rafe  Ta////?^  fo  waste 

/hug/XTtm/malviraste    C/aino-tm6i)ioCrA/iia£  PLANT(F7        Cleana-Cancaitmte  to  m6H6/}AOE  PLANT  Ki) 

(rj  CYANIDE  PLANT 

(My/re  <m<i  rtrlls/iwa  ffvm        (C) 
Cleaner  Imltny  f/pm  (El 

TbI/ynff  /nvnllifftf6nKfcPlivTf  iG) 
PACMdCA  AGITATION  TANKS 
OORR  TMCt<EN£R  ana  MOORE  r/L  T£R 


P^lfi„,l,nf  i^FLOTATION PLANT (E)  S,lrK-sc/^t,onnZ/NC-BOXES 

/CJ  HIGH  GRADE  PLANT  siNerpr,icip,ta,,  ,0 wsh  graoe  plant  (& 

ICancontnale  from  fLOTATION  PLANt(E) 


7n»<n9 — XSi/re 
\/H,n, 


'/ver  pt-^ctpitafe  f/vmffy 


Concentrofe  to  DORR  THICKENER 
0''//'OL/y£R  CONTINUOUS  FIL  T£R 
ROTARY  ORY£R 
ALLt$-CHALM£RS  Smnyhonnter PULVERIZER 
R£y£R3£RA  TORY  O/^OROQ/Z/NG  FURNACE 
eaaeifoDUSr  chambers  Calcines  toHAROINGE  MILL 

n  Cancretm  SCRUBS ER  MOORE  FIL  T£R  for  aci</me/, 

<^lae^mJ90*»3  fo  oArnupl>*r*  tvAfi         ^SeruSi^  MrTmr  ccniam/hg  Acid  wash  lo  scrap  Iron  ^r  Cyon'du  ao/irtfO^>^0/t9t^      r 

oc/i^  foMerAiraorfmv^tt  prccip/ fatten  of  tAec^per  ABi^feastiect fio/p  to 

1  AfECRANICAL,   AGITATOR 


\  ]  MOORE  FIL  TER  for 

Copper pnc/prAjte  aoAt  Porfathorren  ocr& refuriyea  for  cyarv/ete  wnjsh 

ra-  use  on&aarf  run  fa  rres  te  | 


SiNar  pnmclpitate  fronjfT/ 


1 
fi'u/p  to  LOiV  GfifAOe 


\  1  CYAA^/CS  PLANT ffj 

5//rer prec/pt fofe  Borrcfi  9aKrfOf>  ^rs-usc 


S<7se  Sii///on 

\ 

penN/NG  ruPNAce 

P/ne  3u/hor>  so/d 
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discharge  from  this  set  of  rolls  is  sized  to  four  products  by  means 
of  trommels.  That  portion  on  screen  of  'i"  mesh  goes  to  bull 
jigs.  The  portion  through  f"  and  on  6-mesh  goes  to  fine  jigs. 
The  product  through  6-mesh  and  on  12-mesh  passes  to  the 
Chilian  mill  for  further  grinding.  The  product  through  12-mesh 
goes  direct  to  a  hydraulic  classifier  for  table  feed. 

The  tailing  from  the  bull  jigs  is  sized  in  a  trommel  with  |" 
openings,  the  oversize  returned  to  mill  bin  and  the  undersize 
passing  to  a  set  of  Allis-Chalmers  fine  grinding  rolls.  The  dis- 
charge from  this  set  of  rolls  joins  the  discharge  from  the  Power 
and  Mining  rolls  and  again  passes  through  the  sizing  circuit. 

The  minus  |"  plus  6-mesh  tailing  from  the  fine  jigs,  passes 
through  a  dewatering  screen  and  is  divided,  one  portion  being 
sent  to  fine  rolls  and  the  remaining  portion  to  the  Chilian  mill. 
The  Chilian  mill  is  a  6-ft.  Evans-Waddell  and  is  fitted  with  a 
12-mesh  screen.  The  discharge  from  this  mill  joins  the  discharge 
from  the  rolls  and  is  returned  to  the  sizing  trommels.  It  may 
be  stated  that  this  arrangement  is  made  for  mechanical  reasons 
only,  since  the  Chilian  mill  discharge  is  of  proper  size  to  go 
direct  to  the  hydraulic  classifier. 

Stage  crushing  as  it  is  now  conducted  is  probably  not  so 
essential  as  it  was  formerly  when  the  plant  depended  largely 
upon  gravity  concentration  for  the  recovery  of  the  silver  con- 
tained in  the  ore.  At  that  time  it  was  important  to  avoid,  as 
much  as  possible,  the  sliming  of  the  valuable  minerals.  At  the 
present  time  a  ball  mill  and  classifier  would  probably  displace 
to  advantage  the  rolls,  Chilian  mill,  and  trommels,  since  with 
the  present  mode  of  treatment  the  production  of  fines  is  not 
considered  a  serious  disadvantage. 

(C)  Gravity  Concentration. — The  concentrate  from  the  jigs 
is  taken  from  the  jig  beds  at  intervals  and  is  shipped  direct  to 
the  smelter,  since  no  provision  is  now  made  for  local  treatment. 
The  hutch  product  is  sent  to  the  Chilian  mill.  The  tailing  from 
the  jigs  is  crushed  through  12-mesh  as  shown  above  and  is  then 
conducted  to  hydraulic  classifier  furnishing  the  feed  to  eight 
sand  tables  of  Wilfiey  and  James  type.  The  minus  12-mesh 
sand  is  classified  in  a  hydraulic  classifier,  the  products  from  the 
spigots  forming  table  feed  and  the  overflow  going  to  the  cyanide 
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plant.  This  overflow  product  is  made  up  of  slime  formed  in 
mining  and  the  slime  formed  in  reducing  the  ore  to  12-mesh. 
It  is  found  that  the  mine  slime  is  not  readily  treated  by  the 
flotation  process.  By  sending  the  mine  slime,  together  with 
the  mill  slime,  to  the  cyanide  plant,  a  greater  ultimate  recovery 
is  obtained,  and  the  resulting  silver  is  secured  in  the  form  of 
bullion. 

The  tables  make  tw^o  products,  concentrate  and  tailing, 
the  usual  middling  product  being  included  in  the  tailing.  The 
table  tailing  is  sent  to  the  re-grinding  plant  to  be  ground  pre- 
paratory to  treatment  by  flotation.  The  concentrate  from  the 
tables  is  sold  to  a  smelter  at  present.  The  grade  of  the  table 
concentrate  has  been  materially  raised  by  using,  on  the  tables, 
the  water  overflowing  the  Dorr  thickener  to  which  the  cleaner 
tailing  is  pumped.  This  water  contains  a  small  amount  of  oil, 
which  tends  to  carry  a  large  part  of  the  barren  pyrite  and  other 
fine  sulphide  minerals  into  the  table  tailing.  These  sulphides 
are  later  recovered  in  the  flotation  concentrate.  It  is  a  decided 
advantage  to  collect  the  pyrite  and  other  sulphides,  with  the 
flotation  concentrate,  since  sulphur  is  essential  for  carrying  on 
the  chloridizing  roast,  later  described. 

(D)  Re-Grinding  Plant. — The  re-grinding  plant  consists 
of  four  5'  6"  X  20'  0"  Power  and  Mining  tube  mills,  each  of  which 
is  operated  in  a  closed  circuit  with  a  standard  duplex  Dorr 
classifier.  Three  of  the  mills  are  each  driven  by  a  100  hp., 
2,200  volt,  60  cycle  motor.  The  fourth  mill  is  driven  by  a 
125  hp.,  550  volt,  60  cycle  motor.  The  power  required  for  each 
mill  is  approximately  85  hp.  Each  mill  handles  125  tons  of 
sand  per  24  hours.  About  1%  of  the  tube  mill  feed  stays  on 
10-mesh  and  about  6.5%  passes  100-mesh.  The  discharge  from 
the  classifiers  carries  5%  on  120-mesh.  One  of  these  mills 
handles  the  current  sand  tailing  from  the  concentration  plant. 
The  other  three  mills  operate  on  sand  from  the  stock  pile. 

The  sand  from  the  stock  pile  is  handled  by  a  12-ton  Brown- 
locomotive  crane  operating  a  If-yd.  clam  shell  bucket.  The 
sand  is  delivered  to  a  short  20"  conveyor  belt  by  means  of  a 
loading  hopper,  and  is  conveyed  to  a  sand  storage  bin  by  a  system 
of  14"  conveyor  belts.     From  the  storage  bin  the  sand  is  fed 
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continuously  by  means  of  a  screw  feeder  to  a  14"  conveyor  belt 
delivering  the  feed  to  a  sand  splitter,  which  distributes  an  equal 
portion  of  sand  to  each  of  the  mills. 

(E)  Flotation  Plant. — All  the  flotation  machines  used  are 
of  the  Callow  pneumatic  type.  The  flotation  plant  consists  of 
four  two  compartment,  treble  length,  rougher  cells  of  a  special 
design,  and  four  standard  cleaner  cells.  The  air  required,  under 
a  pressure  of  5  lb.  per  sq.  inch,  is  furnished  by  three  high  pressure 
rotary  blowers  of  the  Root  type,  each  having  a  capacity  of 
2,300  cu.  ft.  of  free  air  per  minute.  Each  blower  is  driven  by 
a  50  hp.  motor,  two  blowers  being  sufficient  to  furnish  air  for 
the  entire  plant,  the  third  always  being  in  reserve  as  a  spare. 

The  rougher  cells  used  were  developed  to  conform  to  the 
peculiar  conditions  prevailing  in  the  Cobalt  district.  Results 
from  the  experimental  plant  showed  that  relatively  long  treat- 
ment in  the  roughers  w^as  necessary;  that  is,  best  results  were 
obtained  when  the  pulp  was  passed  through  two  or  even  three 
standard  roughing  cells.  The  fact  that  this  ore  must  be  crushed 
to  100-mesh  and  finer  to  free  the  silver  values  made  the  usual 
steep  bottom,  as  used  in  the  standard  cells,  unnecessary.  To 
avoid  passing  the  pulp  through  three  standard  cells,  a  long  cell 
was  constructed  three  times  the  standard  length,  with  a  slope 
per  foot  of  one-third  that  given  the  bottom  of  a  standard  cell. 
This  made  a  more  compact  installation,  and  since  the  headroom 
available  was  limited,  avoided  the  pumping  of  the  pulp  from  each 
rougher  cell  to  the  next  of  the  series.  The  nominal  capacity  of 
each  compartment  of  the  treble  length  cells  is  75  tons.  It  is 
found  that  each  compartment  will  easily  handle  100  tons  per  24 
hours;  hence  more  than  three  rougher  cells  are  never  in  operation 
at  one  time. 

Owing  to  the  fact  that  marketing  charges  are  very  high. 
The  production  of  a  high-grade  concentrate  from  the  Cobalt 
ores  is  more  essential  than  at  most  of  the  copper  camps  where 
flotation  has  been  so  successfully  employed.  The  high  freight 
rates  are  due  to  the  long  haul,  and  the  high  smelter  charges  are 
ascribable  largely  to  the  extreme  fineness  of  the  product  shipped. 
With  a  standard  cleaner  cell  a  high  concentrate  invariably 
results  in  the  production  of  a  tailing  of  high  value.     This  diffi- 
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culty  was  overcome  to  a  large  extent,  by  a  device  perfected  by 
C.  J.  B.  Armstrong  while  in  the  employ  of  the  Buffalo  mine. 
Essentially,  the  idea  is  to  restrict  the  flow  of  the  froth  from  the 
cell,  drawing  ofT  the  concentrate  at  only  one  or  two  points. 
Thus,  instead  of  drawing  off  a  thin  film  of  froth  along  the  full 
length  of  the  cell,  as  is  ordinarily  done,  the  froth  is  drawn  off 
in  deep  narrow  streams  through  notches.  This  is  accomplished 
by  building  up  both  sides  of  the  cell  along  its  entire  length,  and 
cutting  notches  at  the  points  of  overflow.  This  device  enables 
the  operator  to  draw  off  a  small  steady  stream  of  high-grade 
concentrate  with  more  ease  and  certainty  than  is  attainable  with 
a  standard  equipment.  The  device  is  used  to  great  advantage 
on  the  cleaner  cells. 

In  the  operation  of  the  plant  the  rougher  cells  produce  tvvo 
products,  the  rougher  concentrate  and  the  tailing.  The  tailing  is 
sent  directly  to  waste  and  the  rougher  concentrate  is  collected  and 
split  into  four  parts,  each  part  being  sent  to  one  compartment 
of  a  standard  cleaner  cell.  The  cleaner  cell  makes  two  products, 
the  concentrate  and  a  tailing  or  'flotation  middling'.  The  con- 
centrate is  pumped  direct  to  the  'High  Grade'  plant  for  treat- 
ment. The  cleaner  tailing  or  'flotation  middling'  is  sent  to  the 
'Low  Grade'  cyanide  plant.  The  so-called  'flotation  middling' 
is  probably  not  a  true  middling,  but  is  made  up  largely  of  a  mass 
of  imperfectly  oiled  particles. 

The  frothing  agents  used  to  accomplish  separation  by 
flotation  are  added  to  the  feed  going  to  the  tube  mills.  In  this 
way  the  mills  act  as  emulsifiers  as  well  as  grinders.  Little  or 
no  tar,  with  a  large  proportion  of  creosote  and  a  small  amount 
of  pine  oil,  make  up  a  part  of  the  frothing  mixture.  It  is  found 
that  such  a  mixture  produces  a  froth  from  which  a  high  concen- 
trate can  be  made  in  the  'cleaner'  cells  and  that  the  tailing 
(flotation  middling)  from  these  can  readily  be  treated  by  cyanide. 
This  is  not  true  if  a  greater  proportion  of  tar  is  used,  since  the 
tar  produces  a  lower  grade  concentrate  and  interferes  with  the 
cyanide  treatment  to  a  much  greater  extent  than  does  the  creo- 
sote. It  is  found  that,  by  treating  with  cyanide  the  small  amount 
of  'flotation  middling'  formed,  a  greater  ultimate  extraction  is 
obtained  and  a  greater  profit  results.  The  tailing  from  the 
cleaners  may,  however,  be  treated  to  fair  advantage  by  return- 
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ing  it  to  the  flotation  circuit.  In  this  connection  it  may  be  stated 
that  owing  to  the  injurious  effect  of  the  turpentines  and  light 
oils  on  the  Avorknien,  it  is  not  advisable  to  use  ingredients  in 
the  frothing  mixture  which  have  a  distillation  point  of  less  than 
190°C. 

The  tailing  coming  from  the  cyanide  f)lant,  which  is  also 
treated  by  flotation,  is  not  mixed  with  the  general  flotation  feed, 
but  is  treated  in  tw^o  separate  cells.  The  concentrate  formed  is 
run  with  the  concentrate  from  the  cleaner  cells,  without  cleaning, 
and  is  pumped  to  the  'High  Grade'  plant.  The  tailing  resulting 
is  sent  directly  to  waste. 

(F)  Low  Grade  Cyanide  Plant. — The  'Low  Grade'  cyanide 
plant  treats  the  slime  formed  in  mining  and  in  crushing  the  rock 
to  12-mesh,  the  tailing  from  the  cleaner  cells,  and  the  tailing 
from  the  'High  Grade'  plant  resulting  from  the  treatment  of 
the  flotation  concentrate.  While  all  the  products  treated  show 
a  profit  over  treatment  by  flotation,  the  cyanide  plant  probably 
has  its  greatest  use  in  serving  as  a  safety  for  the  'High  Grade' 
plant;  that  is,  the  dissolved  values  in  the  tailing  coming  from 
the  'High  Grade'  plant  are  largely  due  to  the  fact  that  facilities 
for  washing  the  pulp  there  are  limited.  These  dissolved  values 
are  saved  and  a  slight  additional  extraction  is  effected  by  re- 
agitation  and  filtration. 

The  slime  from  the  concentrator  and  the  'flotation  middling' 
are  pumped  to  a  30'  x  14'  Dorr  thickener,  the  overflow  water 
being  used  again  for  flotation  and  as  wash  water  on  the  sand 
tables  and  the  underflow  elevated  to  a  Pachuca  tank  for  storage. 
This  pulp  is  dewatered  on  a  Moore  filter,  cyanide  solution  added, 
and  is  then  pumped  to  Pachuca  tanks  for  agitation.  The  tailing 
from  the  'High  Grade'  plant  is  sent  to  the  cyanide  plant  in  a 
cyanide  solution,  pumped  directly  to  the  Pachuca  agitators  and 
treated  with  the  raw  pulp.  The  cyanide  solution  in  the  agitators 
is  made  up  to  8.5  lb.  potassium  cyanide  per  ton  at  the  start  and 
the  protective  alkali  is  kept  at  0.5  lb.  lime  per  ton.  After  60 
hours  agitation  the  entire  contents  of  the  agitator  is  delivered 
to  a  30'  X  10'  Dorr  thickener  and  barren  solution  added.  The 
underflow  from  the  thickener  is  sent  to  a  Dorr  agitator,  which 
serves  as  a  storage  tank  for  pulp  going  to  the  Moore  filter.  The 
chemical  consumption  of  cyanide  is  5.5  lb.  and  the  mechanical 
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loss  is  9/10  lb.  per  ton  of  pulp.  The  average  consumption  of 
lime  in  the  agitators  is  about  2.7  lb.  per  ton  of  pulp  treated. 
This  high  consumption  is  due  largely  to  the  oil  in  the  product 
coming  from  the  cleaner  cells.  Approximately,  the  lime  con- 
sumed by  the  different  products  is:  for  the  mine  and  mill  slime, 
0.2  lb.  per  ton,  for  the  cleaner  tailing  from  flotation,  4.0  lb.  per 
ton,  and  for  the  tailing  from  the  'High  Grade'  plant,  1.0  lb.  per 
ton  of  pulp.  The  clear  pregnant  cyanide  solution  is  decanted 
from  the  thickener  and  passed  through  zinc-boxes  for  precipita- 
tion. The  pulp  is  filtered  and  washed  on  a  Moore  filter  in  the 
usual  way,  the  solution  being  sent  to  the  zinc-boxes.  The  dis- 
charge pulp  from  the  filter  is  emulsified  with  enough  water  to 
bring  it  to  a  consistency  of  about  six  parts  of  water  to  one  part 
of  dry  slime  by  weight,  and  is  sent  to  the  flotation  plant. 

(G)  High  Grade  Plant. — ^As  already  mentioned,  it  is  very 
desirable  to  treat  the  flotation  concentrate  by  some  cheap  local 
method  and  thus,  in  a  measure,  avoid  the  high  marketing  charges 
demanded  for  smelting  flotation  concentrate.  Looking  to  the 
accomplishment  of  this,  much  research  work  has  been  done, 
while  at  the  same  time  the  tests  have  been  in  general  on  a  com- 
mercial scale.  Since  the  silver  in  the  flotation  concentrate  does 
not  yield  to  direct  cyanide  treatment,  it  is  necessary,  in  order 
to  recover  the  silver  by  cyanide,  to  render  it  amenable  by  some 
previous  treatment.  Of  the  various  methods  of  treatment  tried, 
a  chloridizing  roast  seems  to  be  the  most  promising.  Experi- 
mental work  in  this  connection  was  first  carried  out  in  a  2'  x  4' 
reverberatory  roasting  furnace.  The  results  of  a  number  of 
these  test  runs  are  tabulated  below: — 
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In  the  above  experiments,  charges  of  100  lb.  each  were 
used,  the  charge  being  spread  evenly  over  the  hearth  after  adding 
the  salt  and  sulphur  as  indicated.  The  charge  was  rabbled  at 
short  intervals  during  the  roast.  The  time  required  to  complete 
the  roast  was  about  eight  hours,  though  the  charge  was  allowed 
to  cool  over  night  in  the  furnace.  In  these  tests  the  temperature 
was  rapidily  raised  to  400°C  and  held  there  for  five  or  six  hours, 
after  which  the  temperature  was  raised  to  600°C  to  complete 
the  chloridizing  roast.  The  tabulated  results  indicate  an  ex- 
traction of  less  than  90%  on  the  raw  ore,  although  the  extraction 
on  the  roasted  product  was  95%.  It  may  be  assumed  that  by 
the  installation  of  proper  means  for  preventing  dust  losses, 
the  dust  losses  in  the  test  runs  could  be  materially  reduced. 
The  encouraging  nature  of  the  preliminary  results  led  to  the  con- 
struction of  a  larger  experimental  furnace  of  the  same  type,  the 
intention  being  to  conduct  further  experiments  on  a  larger  scale. 
This  furnace  is  still  in  operation,  and  the  process  used  at  present 
is  as  follows: — 

The  concentrate  from  the  flotation  plant  is  pumped  to  the 
'High  Grade'  plant  by  a  5"  x  5"  Aldrich  triplex  pump,  after 
the  addition  of  approximately  30  lb.  of  lime  per  ton  of  concen- 
trate. The  pulp  discharges  to  a  20'  x  12'  Dorr  thickener,  the 
overflow  water  being  run  to  waste.  The  thickener  feed  carries 
one  part  of  solids  to  twenty-five  parts  of  water  by  weight.  The 
underflow  carries  about  50%  moisture.  The  Oliver  filter,  used 
for  de-watering,  is  equipped  with  a  flapper  by  means  of  which 
an  extra  amount  of  from  5%  to  8%  of  the  moisture  in  the  cake 
is  eliminated.  A  cake  carrying  25%  moisture  is  discharged 
from  the  filter.  About  50%  of  the  salt  required  for  the  roast  is 
added  to  the  filter  cake  as  a  brine  wash  which  displaces  the 
water  in  the  cake,  the  aim  being  to  add  enough  brine  to  per- 
meate the  cake  and  yet  avoid  any  salt  loss  through  drawing  the 
brine  solution  through  the  cake  and  into  the  vacuum  pump. 
This  gives  an  excellent  mixture  of  the  salt  with  the  pulp.  The 
cake  from  the  Oliver  filter  is  sent  to  an  oil-fired,  direct-heat, 
counter-current,  revolving  dryer,  which  reduces  the  moisture 
content  to  about  10%.  This  dryer  consists  of  a  steel  drum 
30'  x  3'  6"  lined  with  fire  brick,  and  was  made  from  the  shell  of 
a  Burt  revolving  filter.     The  escaping  gases  are  sent  through  a 
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cyclone  dust  collector  and  are  discharged  by  means  of  an  exhaust 
fan.  The  material  from  the  dryer,  after  the  addition  of  the  re- 
maining salt  and  sulphur  required,  is  put  through  an  Allis- 
Chalmers  swing  hammer  pulverizer  and  sent  to  a  storage  bin 
from  which  it  is  drawn  to  the  roasting  furnace. 

The  roasting  furnace  is  a  double  hearth,  oil-fired,  hand- 
rabbled,  reverberatory-roaster,  each  hearth  being  8'  x  22'.  The 
fire  box  is  at  one  end  of  the  lower  hearth,  the  flame  passing  over 
the  lower  hearth  and  then  up  and  back  over  the  upper  hearth. 
The  raw  ore  is  charged  at  the  front  end  of  the  upper  hearth  and 
is  rabbled  to  the  back  end  of  the  furnace  where  it  falls  to  the 
lower  hearth.  It  is  then  rabbled  along  the  lower  hearth  to  the 
fire  box  end,  where  it  drops  into  a  cooling  pit  provided  for  the 
roasted  ore.  The  furnace  is  rabbled  at  short  intervals,  and  every 
tw^o  hours  a  quantity  of  roasted  ore  is  discharged  into  the  pit 
and  more  raw  ore  started  through  the  furnace.  The  furnace 
will  handle  about  three  tons  of  raw  ore  per  24  hours. 

The  gases  from  the  furnace  pass  through  a  system  of  dust 
chambers  to  a  water-sprayed  gas  scrubber,  and  are  then  ex- 
hausted by  an  acid-proof  fan.  The  gases  first  pass  to  a  dust 
chamber  6'  x  6'  x  T  6"  high,  divided  into  two  compartments. 
This  chamber  catches  most  of  the  heavy  dust  particles.  The 
gases  are  then  conducted  to  a  dust  chamber  6'  x  13'  x  6'  6"  high 
divided  into  three  compartments;  thence  the  gases  pass  through 
aj30"  cooling  pipe  to  a  concrete  flue  conducting  them  into  the 
bottom  of  a  reinforced  concrete  scrubber,  6'  x  6'  x  16'  high  inside. 
This  scrubber  is  filled  with  a  network  of  6"  partition  tile  over 
which  water  flows.  The  scrubber  water  flows  down  the  con- 
crete gas  flume  to  an  acid-proof  centrifugal  pump  made  of 
Duriron,  which  keeps  it  in  constant  circulation.  When  the 
percentage  of  hydrochloric  acid  in  the  scrubber  water  has  in- 
creased suflicientty,  it  is  diverted  to  the  Moore  filter  where  it  is 
used  for  the  acid  wash  given  the  roasted  ore.  The  escaping 
gases  are  very  corrosive  and  rapidly  destroy  any  iron  with 
which  they  come  in  contact.  The  exhaust  fan  used  is  made 
entirely  of  wood  except  for  the  shaft,  the  housing  and  impeller 
being  so  constructed  that  no  bolts  or  nails  are  exposed  to  the 
action  of  the  gas  handled.  A  wooden  stack  of  similar  con- 
struction is  also  provided  for  the  escaping  gases. 
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The  calcines  from  the  roaster  are  put  through  a  6'  wet- 
grinding,  Hardinge  pebble  mill  to  break  up  any  lumps  present. 
A  cake  from  the  pulp,  is  then  formed  on  a  Moore  filter,  and  is 
given  an  acid  wash  with  a  0.3%  hydrochloric  acid  solution. 
The  solution  resulting  from  this  acid  wash,  which  at  times 
carries  as  high  as  0.25%  copper,  is  sent  to  scrap  iron  precipita- 
tion boxes  for  the  recovery  of  the  copper.  A  part  of  the  barren 
solution  resulting  is  continuously  run  to  waste  and  a  portion 
returned  for  re-use.  The  strength  of  the  acid  wash  is  kept  up 
by  the  addition  of  hydrochloric  acid  and  by  using  the  acid 
water  obtained  from  the  scrubber.  Following  the  acid  wash 
the  pulp  is  thoroughly  washed  with  water  to  free  it  from  acid. 

Considerable  difBculty  is  experienced  in  giving  the  pulp  an 
acid  wash  on  the  Moore  filter,  since  the  copper  content  in  the 
solution  makes  it  very  active  in  attacking  all  iron  parts.  Some 
difficulty  has  been  encountered  in  securing  a  vacuum  pump  to 
withstand  the  action  of  the  acid.  A  rotary  pump  is  to  take 
the  place  of  the  reciprocating  pump  now  in  use.  Duriron  (a  high 
silicon  iron)  and  pure  copper,  seem  to  be  the  only  suitable  ma- 
terials which  withstand  the  action  of  the  acid  solution.  Duriron 
is  quite  brittle  and  cannot  be  put  to  every  use,  though  where  it 
can  be  employed  it  gives  very  satisfactory  results. 

A  Moore  filter  basket  was  constructed  using  a  copper  mani- 
fold and  a  smooth  bore  vacuum  hose  for  conducting  the  solution 
from  the  filter.  The  customary  iron  pipe  for  supporting  the 
canvas  of  each  leaf  was  replaced  by  a  wooden  top  and  frame 
of  1"  X  3"  oak.  The  solution  is  drawn  from  the  bottom  of 
the  leaf  inside  the  canvas  in  ordinary  1"  water  hose  carried 
over  a  f"  copper  nipple,  whence  it  passes  through  the  wooden 
top-frame.  The  copper  nipple  is  connected  to  the  manifold 
by  means  of  a  short  piece  of  rubber  hose. 

The  washed  pulp  is  dumped  into  a  chute  which  conducts 
it  to  a  mechanical  agitator.  Here  cyanide  solution  of  15  lb.  per 
ton  strength  is  added,  bringing  the  consistency  of  the  pulp  to 
about  one  to  one  by  weight.  The  pulp  is  at  once  filtered  on  a 
Moore  filter  and  given  a  cyanide  wash  in  barren  solution  of  the 
above  strength.  It  is  not  necessary  to  allow  any  time  for  dis- 
solving the  silver,  since  the  silver  chloride  present  goes  into 
solution  almost  instantly.     After  washing  the  pulp  with  four 
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parts  of  cyanide  solution  to  one  of  pulp  by  weight,  the  cake  is 
discharged  and  emulsified  in  a  low-grade  cyanide  solution  and 
sent  to  the  'Low  Grade'  cyanide  plant  for  further  treatment  as 
previously  described.  The  silver  in  the  pregnant  cyanide 
solution  resulting  from  this  treatment  is  precipitated  in  batch 
lots  in  a  mechanically  agitated  tank,  by  means  of  sodium  sul- 
phide. The  precipitate  is  collected  in  a  plate  and  frame  filter 
press.  The  metalizing  of  the  precipitate  can  be  satisfactorily 
effected  by  a  wet  desulphurization  process\  although  if  the 
desulphurization  is  not  complete  the  refining  of  the  resulting 
silver  cannot  be  accomplished  without  considerable  loss. 

It  may  be  of  interest  to  remark  that  this  silver  sulphide 
precipitate  when  subjected  to  an  oxidizing  roast,  conducted  at 
a  temperature  of  about  400°C,  yields  the  metal  in  a  mass  of  wire 
silver.  Small  samples  of  fused  silver  sulphide  and  of  argentite 
subjected  to  a  similar  roast  for  a  few  hours  became  covered  with 
numerous  sprouts  of  wire  silver,  very  similar  in  appearance  to 
those  occurring  in  nature.  This  phenomenon  may  be  of  interest 
to  geologists  and  suggest  a  new  theory  concerning  the  deposition 
of  native  silver  in  nature. 

The  final  refining  of  the  silver  is  accomplished  in  an  oil-fired 
reverberatory  furnace  having  a  capacity  of  28,000  fine  ounces 
of  silver  per  charge.  A  charge  containing  little  or  no  copper 
can  be  bought  to  a  fineness  of  996  or  better  in  from  fourteen  to 
tw^enty-four  hours,  depending  upon  the  size  of  the  charge,  the 
grade  of  the  base  bullion  charged,  and  the  quantity  and  nature 
of  the  impurities  in  the  base  bullion.  The  fine  bullion  produced 
except  for  copper,  is  free,  practically,  from  impurity.  It  con- 
tains, however,  about  80%  of  the  total  copper  which  enters 
the  furnace  with  the  charge. 

The  treatment  at  the  'High  Grade'  plant,  viewed  from  the 
standpoint  of  extraction,  and  in  the  light  of  the  mechanical 
improvements  which  can  be  made,  is  successful  commercially. 

A  7'  X  9'  Holt-Dern  roasting  furnace  to  replace  the  present 
roaster  has  been  ordered  and  will  be  installed  at  an  early  date. 
This  furnace,  which  is  described  in  some  detail  in  a  paper  sub- 
mitted by  Mr.  E.  B.  Thornhill  before  this  meeting,  will  greatly 

^''Sodium  Sulphide   Precipitation  of  Silver  at  the  Nipissing  Mine,"  by 
R.  B.  Watson,  Bull.  C.  M.  I.  No.  55,  Nov.  1916.  See  also  pp.  6-10  this  volume. 
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lower  the  cost  of  the  roast  by  cutting  down  the  fuel  required, 
and  also  by  reducing  the  loss  sustained  through  dusting  and  vola- 
tilization. It  is  anticipated,  moreover,  that  the  roasted  product 
resulting  from  this  furnace  will  be  amenable  to  treatment  by 
direct  leaching  in  tanks,  in  which  case  the  trouble  and  expense 
of  the  preliminary  acid  wash  and  filtration,  will  be  eliminated. 
In  view  of  the  high  cost  of  cyanide  and  the  uncertainty  of  secur- 
ing an  adequate  supply  regularly  the  possibility  of  using  an  acid- 
salt  leach  for  the  removal  of  the  copper  and  for  the  recovery  of  a 
part  of  the  silver  appears  especially  attractive.  If  this  were 
done  it  would  probably  prove  advisable  to  follow  the  acid-salt 
leach  by  a  thorough  water  wash,  and  then  re-grind  the  pulp 
and  finish  by  cyanide  treatment.  These  possibilities  are  sup- 
positions based  on  uncertainties,  and  cannot  definitely  be  de- 
cided for  some  time. 

Assays  of  the  'Flotation  Plant'  products,  for  the  week  ending 
Feb.  10th,  1917  are  tabulated  below:— 


DAY 

NIGHT 

1^ 

biO.S 
O    rt 

a)  bit 

a  c 

CO  '— 

c 

O   03 

oj  ba 

c 

O  rt 

5th 

9.4 

1.3 

22.0 

462.0 

7.6 

0.8 

18.0 

499.0 

6th 

8.6 

0.9 

17.6 

520.0 

10.0 

1.2 

30.6 

740.0 

7th 

8.4 

1.2 

14.0 

688.0 

7.8 

1.1 

24.0 

1013.0 

8th 

10.0 

1.2 

16.6 

760.0 

9.0 

1.1 

59.0 

775.0 

9th 

10,0 

1.4 

34.0 

975.0 

9.8 

1.0 

24.6 

1085.0 

10th 

8.4 

1.5 

23.6 

842.0 

8.8 

1.7 

36.0 

740.0 

Average .  . . 

9.13 

1.25 

21.3 

708.0 

8.83 

1.17 

32.0 

809.0 

From  the  above,  the  averages  for  the  week  are: — 

Feed  assay 8.93  oz.  per  ton 

Rougher  tailing  assay 1.20    "  "     " 

Cleaner  tailing 28.40    "  "     " 

Cleaner  concentrate 775.00    "  "     " 
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In  obtaining  the  foregoing  general  averages  for  the  week  the 
night  samples  are  given  twice  as  much  weight  as  the  day  samples, 
since  they  represent  tw'o  shifts'  run  in  each  case,  while  the  day 
samples  represent  but  one  shift's  run. 
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Probably  a  better  idea  of  what  is  accomplished  in  the  plant 
will  be  gained  by  examining  the  accompanying  flow-sheet  in 
which  the  values  of  the  grades  in  the  various  stages  of  the  treat- 
ment, may  be  noted. 

The  value  of  the  material  treated  at  the  time  the  data  for 
the  flow-sheet  was  collected  is  above  the  average.  As  a  result 
the  silver  in  the  tailing  is  higher  in  value  than  would  be  the  case 
if  average  ore  was  treated  although  the  percentage  extraction 
is  about  normal.  Owing  to  the  limited  capacity  of  the  'High 
Grade'  plant,  it  is  at  present  necessar>^  to  make  a  small  tonnage 
of  high-grade  concentrate.  This  results  in  the  production  of  a 
'cleaner'  concentrate  of  relatively  high  value  which  yields  a 
smaller  proportion  of  its  silver  to  raw  cyanide  treatment  than 
does  a  middling  of  lower  grade.     The  best  results  will  probably 
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be  obtained  when  it  is  possible  to  produce  a  'rougher'  concen- 
trate of  60  to  70  oz.  per  ton,  a  'cleaner'  concentrate  of  100  to 
200  oz.  per  ton  and  a  'cleaner'  tailing  of  15  to  18  oz.  per  ton. 
This  will  be  done  when  the  capacity  of  the  'High  Grade'  plant 
shall  have  been  increased.  The  flow-sheet  shows  that  at  the 
present  time  the  total  extraction  from  mine  rock  and  from  stock- 
pile sand,  in  the  stated  proportions,  is  88.9%.  The  extraction 
on  mine  rock  alone  is  96.7%  and  the  extraction  on  material  from 
the  stock  pile  is  82.8%. 


PRESENT  FLOTATION  PRACTICE  ON  COBALT  ORES. 
By  J.  M.  Callow  and  E.  B.  Thornhill. 

Annual  Meeting,  Montreal,  March,  1917. 

Prior  to  1915  flotation  as  a  means  of  saving  the  silver  values 
in  the  Cobalt  ores,  not  recoverable  by  gravity  methods,  had 
been  experimented  with  to  some  extent  on  a  small  scale  by 
several  of  the  Cobalt  mill  operators.  In  October,  1915,  however, 
the  first  experimental  plant,  operating  on  a  tonnage  scale,  was 
built  and  operated  by  the  Bufifalo  Mines  Limited.  This  plant 
consisted  of  a  two-compartment  standard  length  Callow  rougher 
cell,  and  one  one-half  size  Callow  cleaner  cell.  It  was  built  prim- 
arily to  determine  the  feasibility  of  concentrating  the  silver 
values  in  the  stacked  sand  tailing  from  previous  concentrating 
operations. 

The  results  obtained  with  this  experimental  plant  led  the 
Buffalo  Mines,  Limited,  to  erect  a  Callow  flotation  plant  of  600 
tons  daily  capacity  to  treat  the  sand  tailing,  and  to  serve  as  an 
auxiliary  in  the  treatment  of  its  low-grade  ores.  This  plant  was 
put  in  operation  in  September,  1916.  The  McKinley-Darragh- 
Savage  Mines  also  installed  a  Callow  flotation  plant  of  200  tons 
daily  capacity  to  treat  the  slime  made  in  the  mining  and  milling 
of  its  ores.     This  plant  was  put  in  operation  in  June,  1916. 

The  performance  of  these  two  initial  plants  has  satis- 
factorily demonstrated  on  a  commercial  scale  the  adaptability 
of  the  flotation  process  to  the  low-grade  ores  and  mill  products 
of  the  Cobalt  district.  The  present  users  of  the  Callow  pneu- 
matic system  of  flotation  in  the  Cobalt  district  are  the  Buffalo 
Mines,  MacKinley-Darragh-Savage  Mines,  the  Nipissing  Mines, 
the  Coniagas  Mines,  the  Dominion  Reduction  Co.,  the  Northern 
Customs  Concentrators,  and  the  National  Mines. 

Flow-sheet  No.  1,  compiled  by  Eraser  D.  Reid,  shows  the 
milling  practice  at  the  different  mills  in  the  Cobalt  district  at 

(28) 
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the  present  time.  This,  when  compared  with  the  previous 
flow-sheet  published  in  the  Transactions  of  the  Canadian  Mining 
Institute  for  the  year  1914,  shows  also  the  change  in  the  metal- 
lurgy and  equipment  since  that  time. 

The  flotation  process  as  adapted  to  the  treatment  of  Cobalt 
silver  ores  has  not  replaced  standard  gravity  concentrating 
machines  to  any  extent  as  in  copper  milling,  but  its  particular 
function  is  to  save  the  more  friable  silver  minerals  and  fine 
leaf  silver  that  escapes  recovery  by  gravity  concentrating 
machinery. 

Flow-sheet  No.  2  shows  the  disposition  of  the  flotation 
plant  in  its  relation  to  the  general  scheme  of  treatment. 

The  treatment  in  the  flotation  plant  proper  is  indicated  by 
flow-sheet  No.   3. 

Comparatively  fine  grinding  is  required  to  liberate  the 
values  from  the  gangue.  The  economic  limit  of  grinding  for 
flotation  appears  to  be  reached  when  not  more  than  1%  or  2% 
is  retained  on  a  100-mesh  screen. 

Practically  all  the  plants  use  an  oil  mixture  consisting  of 
pine  oil,  coal  tar  creosote  and  coal  tar.  A  mixture  of  15%  pine 
oil,  75%  coal  tar  creosote  and  10%  coal  tar  is  very  efficient. 
A  10%  pine  oil  and  90%  high  sulphur  fuel  oil  mixture  is  being 
used  with  fairly  good  results  to  float  cyanide  plant  tailing. 

Recoveries  by  flotation  vary  over  a  rather  wide  range  at 
the  different  plants,  depending  on  the  product  going  to  flotation, 
the  grade  of  concentrate  required,  and  the  experience  of  the 
operators.  The  last  factor  is  probably  the  most  important  at 
present,  as  it  requires  time  to  produce  an  efficient  operator. 

On  page  6  is  the  tabulated  value  of  the  heading,  tailing,  and 
concentrate,  and  the  percentage  recovery  at  the  McKinley- 
Darragh-Savage  Mines  from  mine  and  mill  slime  for  the  months 
of  December,  1916.  and  January'  1917.  Previous  results  at  this 
plant  appear  in  Mr.  J.  M.  Callow's  paper  presented  at  the  New 
York  meeting  of  the  American  Institute  of  Mining  Engineers  in 
February,  1917. 
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Jig  Bins 


Fine  and  Coause  Jigs 


Jig  Concentrates  Shipped 
1  ton  2000  oz.  Silver 


Jig  Tailing 
199  tons®  20.1  oz.  Silver 


Stamp  OR  Ball-Tibb  Mill 
To  12- Mesh 

i 

Sand  Tables 
'  I 


Table  Concentrates  Shipped 
2.58  tons— 1000  oz.  Silver 


Sands 
1J7.5  tons  @  5  oz.  Silver 


^ 

Table  Tailing 
196.42  tons  @  7.19  oz.  Silver. 

I 

Dr.\g  C  LASSIFIER 

—J  I 


\i 


Slimes 
S8.92  tons  @  12.31  oz.  Silv 


Dorr  Thickener 


Dorr  Classifier 

i  r 

Sands  Si.ime.s 


I 

Underflow 


J 


Overflow 
Re-used 


u 

196.42  tons  (a.  7.19  jz.  Silver 

Concentrates  Shipped  Tailing  to  Waste 

4.06  tons  300  oz.  Silver  I92..S6  tons  I  oz.  Silver 


Flow  Sheet  No.  2. 
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Original  Feed 

1<>6.42  tons  gi  7.19  oz.  Silver  per  lo 
\ 


IT 


Middlings  Reti-rned 
13.78  tons  @  15.00  oz.  Silver  per  ton 
: J 


Flotation  Feed 

210.2  tons  @  7.71  oz.  Silver 


Two  Triple-Length  Callow  Rougher  Cells 
in  Parallel 


KOVCUEK  CONCENTRJITE^ 

1 7.S4  tons  ^  80  oz.  Sihej 


Tailing  to  Waste 

IW.36  tons  @  1.00  oz.  Silver 


First  Standard  Length 
r.M,Low  Cleaner  Cell 

;  \ 


Concentratf. 

2."  tons  @  350  oz.  Silver 


First  Cleaner  Taillnc 
J5.14  tons  &  31.7  oz.  Silver 


I 


Second  Callow  Cleaner 


r^ 


Co.VCENTR.\TE 

1.36  tons  @  200  oz.  Silver 

I 


4.06  tons  g.  300  oz.  Silver 

i 

Dorr  Thickener 

FlLTEK 


Final  Cleaner  Tad-inc 
13.78  tons  @  15.00  oz.  Silv<T 


Dry  Concentrate  Bagged  and  Skipped 
4.06  tons  @  300  oz.  Silver 


Flow  Sheet  No.  3 
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Flotation    Results    at    the    McKinley-Darragh-Savage 
Mines  Limited,  Averages  by  Quarter  Month  Periods. 


Month 

Period 

Heading 

Tailing 

Concen- 
trate 

% 
Extrac- 
tion 

December 

1st 

5.36 

1.68 

220.0 

69.19 

2nd 

6.56 

1.01 

206.0 

85.02 

3rd 

7.10 

1.03 

289.0 

85.80 

4th 

7.55 

1.15 

443.0 

84.98 

January 

1st 
2nd 

6.65 
7.30 

1.17 
1.20 

568.0 
436.0 

82.58 
83.80 

3rd 

5.70 

1.00 

364.0 

82.68 

4th 

4.70 

0.90 

335.0 

82.95 

Average 

6.37 

1.14 

357.6 

82.13 

Due  to  the  present  excessive  marketing  charges,  it  is  economy 
to  sacrifice  recovery  to  some  extent,  in  order  to  produce  a  high- 
grade  concentrate. 

With  the  exception  of  the  Buffalo  Mines,  the  companies 
producing  flotation  concentrate  depend  on  the  smelters  in  the 
United  States  for  the  disposal  of  their  products,  and  the  sched- 
ules offered  are  not  particularly  attractive.  A  representative 
schedule  stipulates  a  $12.00  to  $14.00  treatment  charge  per  ton 
and  payment  on  New  York  quotation  of  95%  of  the  silver  con- 
tent. With  silver  selling  at  70  cents  an  ounce  the  marketing 
cost  per  ton  on  a  300-ounce  concentrate  would  be  approximately 
as  follows: — 

Silver  loss  5%— 15  ounces  @.70 $10.50 

Treatment 14. 00 

Freight 11.32 

Representation  at  the  smelter 50 

Bagging  and  miscellaneous 2 .  00 

Total  marketing  cost  for  one  ton  of  concen- 
trate  $38.32 
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This  excessive  marketing  charge,  representing  20%  of  the 
gross  value  of  the  product  has  led  to  considerable  research  work 
by  the  metallurgists  of  the  district,  to  devise  a  satisfactory- 
method  for  the  local  treatment  of  such  concentrate. 

Cyanidation,  and  wet  dcsulphurization  followed  by  cyanida- 
tion  on  the  raw  product,  have  not  given  much  promise  of  success. 
Likewise,  treatment  by  an  oxidizing  roast,  and  the  cyanidation 
of  the  roasted  product,  has  not  succeeded. 

A  chloridizing  roast  followed  by  leaching,  either  with 
cyanide  or  an  acid-brine  solution  has  given  the  best  results  to 
date.  In  fact  the  Buffalo  Mines  is  now  treating  5  to  6  tons  of 
flotation  concentrate  daily  by  a  chloridizing  roast,  followed  by 
an  acid  leach  to  extract  the  base  metals,  and  then  by  a  cyanide 
leach  to  recover  the  silver  chloride.  A  95%  to  98%  extraction 
of  the  silver  values  is  being  obtained  by  this  method. 

No  attempt,  so  far,  has  been  made  to  determine  costs,  but 
since  the  metallurgy  of  the  treatment  has  been  solved,  no  par- 
ticular difficulty  is  anticipated  in  putting  the  process  on  a  com- 
mercial basis.  Of  the  machines  considered  to  perform  the  chlori- 
dizing roast,  the  Holt-Dern  furnace  offers  several  advantages  over 
furnaces  of  the  ordinary  reverberatory  or  McDougal  type.  This 
furnace  is  very  simple  in  construction  and  cheap  in  operation. 
The  standard  furnace  consists  of  a  rectangular  roasting  chamber 
T  by  9'  by  4^'  deep  with  a  hoppered  bin  under  the  grates  for  the 
discharged  product.  The  fuel  for  the  roast  is  furnished  by  the 
sulphur  in  the  charge,  and  the  roast  is  maintained  by  an  air 
blast  of  2,000  cubic  feet  per  minute  and  12  to  16  ounces  pressure 
per  square  inch.  Products  to  be  roasted,  with  the  requisite 
amount  of  salt,  additional  sulphur,  (if  necessary,  in  the  form  of 
pyritic  ore)  are  all  intermittently  mixed,  and  then  moistened  to 
the  proper  degree.  Assuming  the  furnace  in  running  order,  the 
cycle  of  operations  is  about  as  follows: — With  the  roasting  zone 
within  about  two  feet  below  the  top  of  the  furnace  chamber, 
the  mixed  charge  equivalent  to  about  20  inches  of  depth,  is 
dropped  into  the  furnace  and  leveled  off.  The  blast  is  turned 
on  and  the  roasting  zone  again  moves  up  through  the  charge 
at  the  rate  of  about  one  foot  an  hour.  When  the  roasting  zone 
has  again  reached  the  top  of  the  charge,  the  blast  is  turned  off 
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and  the  grates  shaken  until  the  charge  is  again  lowered  about 
20  inches.  This  completes  the  cycle.  The  roasted  product 
is  withdrawn  from  the  hopper  bin  underneath  the  grates  and 
transported  to  the  leaching  department. 

The  procedure  in  the  leaching  of  the  chloridized  product  as 
practiced  at  the  Buffalo  Mines  is  described  in  detail  by  Mr. 
Dye  in  his  paper  presented  at  this  meeting. 

The  use  of  an  acid-brine  solution  to  dissolve  out  the  economic 
metals,  as  practiced  at  the  Tintic  Milling  Company,  Silver  City, 
Utah,  would  seem  to  offer  some  economy  over  the  use  of  an  acid 
leach,  followed  by  cyanidation,  but  this  has  not  yet  been  demon- 
strated on  a  commercial  scale  on  Cobalt  concentrates. 

With  the  present  method  of  marketing  flotation  concentrate, 
the  profit  per  ton  of  ore  milled,  by  a  gravity  concentration  and 
flotation  plant  over  one  using  only  gravity  concentration  is 
indicated  by  the  following  comparison: 

Comparison  of  Profits  Between  Gravity  Concentration 
AND    Flotation    Plant,    and    Gravity    Concentration 
Plant  Treating  200  Tons  Per  Day. 


HEADING  30  OUNCES  SILVER. 


GRAVITY  CONCENTRATION  AND 
FLOTATION. 

GRAVITY  CONCENTRATION 

96.80%  X  30  oz.,  29.04  oz.  @ 

70  cents  per  ounce S20. 33 

Working  costs $1  .40 

Interest  and  deprecia- 
tion,    royalties, 
etc.,    on    additional 

plant 05 

Marketing  costs $1  .79  $3  .24 

81.29%  X  30  OZ.  24.39  oz.  @ 

70  cents  per  ounce $17 

Working  costs $1  .00 

Marketing  costs $1.27  $2 

ao 

27 

Profit .$17.09 

Profit $14 

73 

Profit  from  gravity  concentration  and  flotation  plant $17  .09 

Profit  from  gravity  concentration  alone 14  .73 

Profit  in  favour  of  gravity  concentration  and  flotation  plant  per 

ton  of  ore  treated 2.36 
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The  marketing  costs  are  arrived  at  as  follows: — 


GRAVITY  CONCENTRATION   AND 
FLOTATION. 

GRAVITY  CONCENTRATION 

1     ton    jig    concentrate    @. 
S68.30 S68.30 

1  ton  jig  concentrate  @ 
vS68.30 $68 

2.58  tons  table  concentrate  @ 
S51.85.  . 133 

1.46  tons  slime  table  concen- 
trate @.  S34.82 50 

30 

2.58  tons  table  concentrate® 

S51.85 133.77 

4.06    tons    flotation    concen- 
trate (2,  S38.32 155.58 

77 
84 

Total    marketing   cost    on 
products  from  200  tons 
of  ore    .                             S357  65 

S252 

01 

Mariceting  cost  per  ton  of 

ore  milled S   1.79 

S  1 

27 

From  these  figures,  the  marketing  cost  of  concentrate  pro- 
duced represents,  in  the  case  of  gravity  concentration,  and  flota- 
tion plant,  50%  of  the  total  cost  of  production,  and  the  market- 
ing cost  of  flotation  concentrate  alone  represents  approximately 
20%  of  the  total  cost,  so  that  any  material  reduction  in  this  cost 
by  reason  of  a  local  treatment  plant  for  this  product  would 
result  in  a  considerable  saving  which  would  be  credited  to  flota- 
tion. 

Some  research  work  has  been  done  to  determine  the  amen- 
ability to  recovery  by  flotation  of  the  particular  silver  minerals, 
that  occur  in  this  district.  These  tests  were  carried  out  by 
mixing  finely  ground  picked  specimens  of  the  particular  mineral 
with  a  practically  barren  gangue,  and  floating  the  mixture.  The 
tabulated  results  are  given  below. 

tests  to  determine  amenability  to  recover  by  flotation 
OF  argentite,  pyrargyrite,  proustite,  metallic  silver, 

FRIESLEBENITE    and    MATILDITE. 

Test  No.  I. 


Argentite,  .  . 
Proustite.  .  . 
Pyrargyrite  . 


Formulae 


AgzS 

AgjAsSj 

AgjSbSj 


Head 

Assay 

Ozs.  Ag 


24.12 
11.96 
16.26 


Tail 

Assay 

Ozs.  Ag 


3.11 
2.42 
2.34 


Cones. 

Assay 

Ozs.  Ag 


150.46 
215.44 
195.50 


Extrac- 
tion 


88.90%, 
80.68% 
87.60% 
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Test  No.  2. 


Formulse 


Head 

Tail 

Clones. 

Assay 

Assay 

Assay 

Ozs.  Ag 

Ozs.  Ag 

Ozs.  Ag 

23.30 

5.60 

469.3 

12.60 

2.70 

604.4 

18.50 

2.80 

738.4 

23.60 

2.10 

255.4 

Extrac- 
tion 


Argentite .  .  . 
Proustite .  .  . 
Pyrargyrite  . 
Metallic  silver 


Ag,S 

AgjAsSs 

Ag3SbS3 

Ag 


76.88% 
78.92% 
85.19% 
91.86% 


Test  No.  3. 


Metallic  silver 

Ag 

36.8 

0.90 

518.6 

97.72% 

Frieslebenite  . 

(PbAg.)s 
Sb4Sii 

9.2 

2.9 

416.5 

68.96% 

Matildite .... 

Ag.S.Bi33 

19.56 

1.50 

399.4 

92.68% 

The  gangue  material  used  for  Test  No.  1  was  Nipissing 
cyanide  tails.  For  Test  No.  2,  ordinary  river  sand  containing 
considerable  iron  oxide,  and  for  Test  No.  3,  washed  river  sand. 

As  shown  by  these  tests,  these  minerals  without  exception 
are  recoverable  by  flotation;  and  metallic  silver,  when  finely 
ground,  is  particularly  amenable  to  recovery  by  this  process. 

The  adoption  of  flotation  by  the  Cobalt  mill  operators  has 
been  rapid,  and  there  are  now  only  about  790  tons  per  day  of 
current  tailing  that  are  not  being  treated  by  flotation. 

By  reason  of  its  better  recovery,  and  lower  operating  costs, 
even  with  the  present  excessive  charge  for  marketing  the  con- 
centrate, flotation  shows  a  profit  over  cyanidation.  When  taken 
in  connection  with  a  local  treatment  plant  for  this  concentrate, 
this  profit  will  be  more  marked  and  flotation  will  eventually  re- 
place cyanidation  on  Cobalt  ores. 

There  are  approximately  2,500,000  tons  of  impounded  tail- 
ing in  the  district  averaging  4  to  6  oz.  silver  that  can  and  un- 
doubtedly will  be  treated  by  flotation  at  a  substantial  profit. 

As  the  ores  of  the  district  decrease  in  grade,  necessitating  a 
cheap  process  with  high  recoveries,  flotation  will  become  in- 
creasingly important. 


CANADIAN  WOOD   OILS  FOR  ORE  FLOTATION. ^ 
(Preliminary  Paper). 
^By  C.  S.  Parsons  and  R.  E.  Gilmore. 

Annual  Meeting,  Montreal,  March,  1917. 

Introduction. — The  Mines  Branch  and  the  Forest  Products 
Laboratories  of  the  Dominion  Government  were  asked  to  under- 
take a  co-operative  investigation  of  the  possibiUty  of  obtaining 
a  supply  of  flotation  oils  from  Canadian  woods.^ 

At  the  present  time  the  entire  supply  of  pine  oils  consumed 
in  America  is  produced  in  the  Southern  States.  So  great  has 
been  the  demand  for  these  oils,  owing  to  the  increasing  use  of 
the  flotation  process  for  the  concentration  of  ores,  that  the 
market  has  been  depleted.  Furthermore  much  of  the  so-called 
pine  oil  now  being  produced  contains  less  than  20%  pure  pine 
oil.     The  price  has  more  than  doubled  and  is  still  increasing. 

The  difficulty  then  of  obtaining  pure  pine  oil  for  flotation 
purposes  is  by  no  means  inconsiderable.  The  aim  is,  therefore, 
to  produce  in  Canada  a  pine  oil,  or  a  substitute  for  pine  oil,  to 
meet  this  shortage  and  also  render  consumers  in  this  country 
independent  of  United  States  sources  of  supply. 

Acknowledgment  is  due  Mr.  A.  A.  Cole,  President  of  the 
Institute,  for  instigating  this  investigation  and  to  Dr.  J.  S.  Bates, 
Superintendent  of  the  Forest  Products  Laboratories,  Montreal, 
for  his  zealous  efforts  in  planning  and  directing  the  course  of 
the  work  throughout. 

Working  Plan. — The  working  plan  of  the  investigation  as 


^By  permission  of  the  Director,  Mines  Branch. 
^C.  S.  Parsons,  Mines  Branch,  Ottawa. 
R.  E.  Gilmore,  Forest  Products  Laboratories,  Montreal. 
'Since  presenting  this  paper  commercial  tests   have  been  conducted  at 
Cobalt.     These  confirm  the  results  of  our  laboratory  experiments  indicating 
that  the  hardwood  creosotes  can  be  employed  as  frothing   agents  in   place  of 
pine  oil  in  the  treatment  of  the  Cobalt  ores. 

(38) 


Wood  Oils  iok   I'ioiaiion     Taksons  and  (hlmork       39 

outlinod   !)>•   tlie   l-'orcst   Products  Laboratories  is  somewhat  as 
follows : — 

(1)  To  find  a  substitute  for  pine  oil  for  wiiich  the  mining 
companies  are  dependent  for  the  supply,  which  is  a  limit- 
ed one,   from  the  United  States. 

(a)  Investigation  of  oils,  chiefly  ketone  and  creosote 
oils  from  the  destructive  distillation  of  hardwood,  for 
the  purpose  of  finding  a  frothing  oil  suitable  for  use 
in  ore  flotation. 

(b)  Providing  no  satisfactory  results  were  obtained 
from  hardwood  oils,  to  investigate  the  commercial 
possibilities  of  obtaining  a  pine  oil  from  Canadian 
resinous  woods. 

(2)  To  utilize  in  place  of  coal  tar  and  coal  tar  creosote  the 
oils  now  produced  by  the  destructive  distillation  of 
hardwood  and  which  at  present  are  of  little  market 
value. 

Types  of  these  oils  are  as  follows: 

.Tar  oils (heavy  acid  oil 

[hardwood  tar 

Creosote  oils  l^}^^''  ^'^°"°^^  ^^^^ 
[heavy  creosote  oils 

Ketone  oils..  ^^^^>'^^^°"^°^^ 
[ketone  residue 

Sources  of  supply. — The  resinous  woods  available  are  red 
pine  stumps,  western  yellow  pine  of  British  Columbia,  and  possi- 
bly white  pine  stumps. 

It  is  well  known  that  very  large  quantities  of  pine  stumps 
exist  throughout  western  and  northern  Ontario;  whether  or  not 
these  stumps  can  be  collected  and  distilled  on  a  commercial 
basis  is  a  matter  which  requires  more  careful  investigation,  and 
one  on  which  we  are  at  present  not  able  to  advise. 

There  is,  however,  a  large  supply  of  hardwood  oil  available. 
The  total  amount  of  hardwood  distilled  per  day  in  Canada  is 
over  500  cords.  The  largest  single  producing  plant  is  that  of 
the  Standard   Chemical   Co.   at  Longford  Mills,  which   has  a 


40 


Wood  Oils  for  Flotation — Parsons  and  Gilmore 


capacity  of  80  cords  per  day.     The  yield  of  oils^  per  cord  is 
approximately : 

gals,  per 

^gals.  per        day  for 

Oil  cord  Canada 

6FPL  No.  25,  light  creosote 1 .  600  800 

FPL    "     26,  heavy      "       0.486  243 

FPL    "     27,  acid  oil 0.284  140 

FPL    "     30,  hardwood  tar 16.00  8,000 

FPL    "     28,  heavy  ketone 2,000    per   mont      at 

Longford  plant   only. 

FPL    "     29,  ketone  residue 5,000    per    month    at 

Longford  plant  only. 

Flotation  Tests. 

The  ore  chosen  for  the  first  series  of  tests  was  the 
slime  from  the  Coniagas  mill.  Cobalt,  Ontario.  This  slime 
contains  5.7  ounces  of  silver  per  ton,  and  should  be  a  fairly 
representative  flotation  ore  for  the  silver  area.  A  screen  analysis 
of  the  slime  is  given  below.  It  is  a  noteworthy  fact  that  62  per 
cent  of  the  silver  is  contained  in  the  200  —  mesh  product. 

SCREEN  ANALYSIS 

Sample  of  silver  slimes  from  Coniagas  Mines,  Limited ,  Cobalt,  Ont. 
L  M.  M.  Standard  Screens 


Mesh. 

App. 
Inches 

Wt. 
Total 

% 
Total 

% 
Accumu- 
lative 

Ozs. 
Ag. 

% 
Total 

Ag. 

Accumu- 
lative 

% 

+  90 
+  100 
+  120 
+  150 
+200 
-200 
Total .... 

.0055 
.0050 
.0042 
.0032 
.0025 

79 
52 

371 
46 
83 

369 
1000 

7.9 
5.2 

37.1 
4.6 
8.3 

36.9 

"13.1" 
50.2 

54.5 
63.1 
100.0 

2.08 
2.28 
3.68 
4.48 
4.96 
10.00 
5.96 

2.75 
1.99 

22.9 
3.46 
6.90 

62.00 
100.00 

2.75 

4.75 

27.65 

31.1 

38.00 

100.00 

*For  description  of  oils  tested  see  final  paper,  page  58  et  seq.  this  volume. 

^Imperial  gallons. 

*Forest  Products  Laboratories,  Montreal. 
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Average  chemical  composition  of  city  tap  water: 

Calcium   carbonate 17      ppm. 

"        sulphate 5 

chloride... 2.5 

Magnesium  carbonate ...;....   8.0 

Sodium  chloride 2.5 

Magnesium  sulphate 3.0 

Colour  (40  p. p.m.)  is  almost  entirely  colloidal  in  nature,  and 
carries  a  negative  electrostatic  charge. 

In  order  to  collect  information  covering  the  utilization  of  as 
many  oils  as  possible  it  was  decided,  for  the  present  at  least,  to 
confine  the  work  to  the  one  standard  ore.  Later  the  experiments 
will  be  continued  to  include  a  copper  ore,  such  as  the  Bruce  mine 
ore,  and  probably  a  zinc-lead  ore  from  British  Columbia. 

The  Janney  testing  machine  was  used  throughout  this  ex- 
perimental work.  This  apparatus  consists  of  a  cylindrical  agita- 
tion chamber,  fitted  with  baffles,  and  a  spitzkasten,  or  settling 
chamber,  in  which  the  froth  collects.  The  agitation  is  obtained  by 
an  impeller  running  at  1,800  r.p.m.  A  detailed  description  of  this 
machine  was  published  in  the  Mining  and  Scientific  Press,  for 
January  1st,  1916. 

In  conducting  these  experiments  no  special  effort  was  made 
to  produce  a  high-grade  concentrate  or  to  obtain  high  extraction. 
The  aim  was  rather  to  produce  comparative  results;  hence  those 
familiar  with  the  flotation  of  Cobalt  ores  will  notice  that  results 
given  in  the  following  tables  are  not  as  good  as  obtained  in  prac- 
tice. The  method  of  procedure  was  to  keep  all  conditions  as  nearly 
constant  as  practicable.  The  ore  with  the  measured  quantity 
of  oil  was  placed  in  a  pebble  mill,  and  a  pulp  was  made  up  of  one 
part  of  water  to  one  of  ore.  This  charge  was  then  ground  for 
twenty  minutes  in  order  to  break  up  the  coal  tar  and  thoroughly 
incorporate  the  oil  and  ore.  The  ground  pulp  was  then  poured 
into  the  flotation  machine,  and  agitated  for  6  minutes. 

The  temperature  in  each  test  varied  between  5°  C.  and  15"  C. 
The  best  results  were  obtained  with  the  colder  pulp.  A  rougher 
tailing  and  a  rougher  concentrate  only  were  produced.  The  city 
tap  water  was  used  in  all  these  tests,  an  analysis  of  which  is  given 
below. 
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The  Results. — The  accompanying  tables  1-14  contain  the 
data  indicating  the  results  obtained  from  the  experiments  con- 
ducted on  the  various  oils.  The  assay  of  the  concentrate  and 
tailing  is  given  in  ounces  per  ton,  and  the  weight  of  the  concen- 
trate in  grams.  The  extraction  is  obtained  from  these  figures. 
The  total  oil  as  well  as  any  other  reagent  is  given  in  pounds  per 
ton  of  dry  slimes.  A  separate  table  has  been  compiled  for  each 
oil,  and  the  number  of  the  oil  is  placed  at  the  top  of  the  table. 
The  oil  mixture  in  which  the  oil  used  is  shown  in  the  second 
column. 

Table  No.   1  contains  the  results  obtained  with  a  pine  oil 

mixture.    This  mixture  of  10%  pine  oil,  10%  coal  tar,  and  80% 

coal  tar  creosote  is  used  commercially  at  Cobalt,  and  has  been 

found  to  give  very  satisfactory  results.      It  has  been  adopted  as 

the  standard  mixture  for  comparison  in  these  tests.    Test  No.  1 

shows  the  average  result  obtained.  Test  No.  2  the  effect  of  adding 

caustic  soda  and  it  will  be  noted  that  there  is  a  decided  increase 

both  in  the  extraction  and  grade  of  concentrate.   This  was  found 

to  be  the  case  whenever  caustic  soda  was  added,  irrespective  of 

the  oil  used.  Test  No.  5  represents  the  best  results  obtained  with 

this  mixture. 

TABLE  1 

Oil  No.  1. 

Standard  pine  oil  G.N.S.  55. 

Weight  of  ore  500  grams.     Assay  5.7  oz.  Ag. 


Test 

Oil  mixture  used 

Total 
oil 
lbs. 

Reag- 
ents. 

Froth 

Ext. 

Tail 
ag- 

Remarks 

No. 

\Vt. 

Ag. 

(1) 

10%  FPL  No.  1;  10% 
coal    tar;    80%    coal 
tar  creosote. 

1.5 

32 

57.3 

67.5 

1.90 

\^ery  heavy 
froth,  small 
bubbles. 

(2) 

10%,  FPL  No.  1;  10% 
coal    tar;    80%    coal 
tar  creosote. 

1.5 

4.0 
lbs. 
NaOH 

21 

105 

81.2 

1.14 

Not  as  heavy  a 
froth  as  in  test 
No.  1  slime  was 
defloculated. 

(3) 

10%  FPL  No.  1;10% 
coal    tar;    80%    coal 
tar  creosote. 

1.5 

4.0 
lbs. 
NaCl 

24 

70.1 

62.7 

2.06 

Good  froth. 

(4) 

10%  FPL  No.  1;10% 
coal    tar;    80%    coal 
tar  creosote. 

1.0 

36 

39.0 

53.0 

2.60 

(5) 

10%  FPL  No.  1;10%, 
coal    tar;    80%    coal 
tar  creosote. 

1.5 

24 

84.1 

74.6 

1.44 

This  is  the  best 
result  obtained. 
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Tables  Nos.  2  and  3  show  respectively  the  results  ob- 
tained with  crude  pine  distillation  from  southern  pine  and  crude 
distillate  from  red  pine  stumps.  The  flotation  values  of  these  two 
oils  are  identical  on  this  ore. 

TABLE  2 
Oil  No.  FPL  4. 

Weight  of  ore  500  grams.     Assay  5.7  oz.  Ag. 


Test 

Oil  mixture  used 

Total 
oil 
lbs. 

Reag- 
ents. 

Froth 

Ext. 

Tail 
Ag. 

Remarks 

No. 

Wt. 

Ag. 

(6) 

Alone. 

1.5 

65 

15.2 

4.00 

No  selective  ac- 
tion. P.T.T.Co. 
No.  350. 

(7) 

25%  FPL  No.  4;  7.5% 
coal  tar;  67.5%  coal 
tar  creosote. 

1.5 

45 

30.0 

47.5 

2.65 

TABLE  3 

Oil  No.  FPL  14. 

Weight  of  ore  500  grams.     Assay  5.7  oz.  Ag. 


Test 

Oil  mixture  used 

Total 
oil 
lbs. 

Reag- 
ents. 

Froth 

Ext. 

Tail 
Ag. 

Remarks 

No. 

Wt. 

Ag. 

8 

Alone. 

1.5 

66 

17.9 

4.00 

Very  heavy 
froth  like  FPL 
No.  4. 

9 

10%  FPL  No.  14;  10% 
coal    tar;    80%    coal 
tar  creosote. 

1.5 

12 

104.5 

42 

3.56 

1 "  inch  of  froth 
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Tables  Nos.  4,  5,  and  6  show  the  results  with  light  hard- 
wood creosote,  heavy  hardwood  creosote,  and  acid  oil.  It  will  be 
seen  that  these  oils  give  equally  as  satisfactory  results  as  pine  oil. 
The  highest  extraction  was  obtained  with  the  heavy  hardwood 
creosote  oil  FPL  No.  26.  The  froth  was  of  a  good  character  and 
broke  down  readily.  The  same  surprising  result  was  again  ob- 
tained when  the  pulp  was  made  alkaline  with  caustic  soda.  (See 
test  No.  21.) 

TABLE  4 

Oil  No.  FPL  25. 

Weight  of  ore  500  grams.     Assay  5.7  oz.  Ag. 


Test 
No. 

Oil  mixture  used 

Total 
oil 
lbs. 

Reag- 
ents. 

Froth 

Ext. 

Tail 
Ag. 

Wt. 

Ag. 

Remarks 

10 

10%    FPL    25;    10% 
coal    tar;    80%    coal 
tar  creosote. 

1.5 

6 

214.0 

46.4 

3.0 

Only  a  little 
froth  formed. 

11 

28.6%  FPL  25;  10% 
coal  tar;   71.4%  coal 
tar  creosote. 

1.5 

21 

77.7 

67.5 

1.64 

12 

40%  FPL  No.  25;  6% 
coal    tar;    54%    coal 
tar  creosote. 

1.5 

21.5 

83.3 

65.0 

2.00 

Good  heavy 
froth. 

13 

40%,  FPL  No.  25;  60% 
pine  tar  P.T.T.   Co. 
No.  750. 

1.5 

51 

20.4 

38.0 

3.78 

All  froth. 

14 

40%  FPL  No.  25;  60% 
coal  tar.  G.N.S.  No. 
28. 

1.5 

28 

52.0 

55.6 

2.46 

Good  heavy 
froth.     Tar  se- 
parated out. 
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TABLE  5 
Oil  No.  FPL  26. 

Weight  of  ore  500  grams.     Assay  5.7  oz.  Ag. 


Test 

No. 

Oil  mixture  used 

Total 
oil 
lbs. 

Reag- 
ents. 

Fr 
Wt. 

oth 
Ag. 

Ext. 

Tail 
Ag. 

Remarks 

15 

40%  FPL  No.  26;  6% 
coal     tar;     coal     tar 
creosote  54%. 

1.5 

33 

70.7 

77.4 

1.46 

This  is  the  best 
result  obtained 

16 

40%  FPL  No.  26;  coal 
tar  60%. 

1.5 

28 

48.0 

51.0 

2.70 

Good  froth. 

i7 

40%    FPL    No.    26; 
coal  tar  6%;  coal  tar 
creosote  54%. 

1.5 

29.5 

63.3 

64.5 

2.13 

Good  froth,  an 
average  result. 

18 

40%,    FPL    No.    26; 
coal  tar  30%;  coal  tar 
creosote  30%. 

1.5 

30 

60.5 

64.0 

2.10 

Average    result 
obtained. 

19 

40%    FPL    No.    26; 
coal  tar  30%;  coal  tar 
creosote  30%. 

1.75 

30 

70.3 

74.0 

1.54 

20 

50%    FPL    No.    26; 
coal  tar  5%;  coal  tar 
creosote  45%. 

1.5 

39 

34.2 

50.0 

2.96 

Very  heavy 
froth. 

21 

30%    FPL    No.    26; 
coal  tar  7%;  coal  tar 
creo.sote  63%. 

1.5 

4.0 
lbs. 
NaOH 

7 

222.5 

63.0 

1.8 

All  the  froth 
was  not  drawn. 

TABLE  6 
Oil  No.  FPL  27. 

Weight  of  ore  500  grams.     Assay  5.6  oz.  Ag. 


Test 

Oil  mixture  used 

Total 
oil 
lbs. 

Reag- 
ents 

Froth 

Ext. 

Tail 

Ag. 

Remarks 

No. 

Wt. 

■Ag. 

22 

40%    FPL    No.    27; 
coal  tar  6%;  coal  tar 
creosote  54%. 

1.5 

15 

139.0 

70.5 

1.8 

Only    one    test 
run  on  this  oil. 
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Table  No.  7.  This  is  a  ketone  oil  from  the  manufacture  of 
acetone;  the  frothing  properties  of  which  are  not  very  pro- 
nounced. The  best  results  were  obtained  in  a  pulp  made  alkaline 
with  caustic  soda.  When  used  in  a  neutral  pulp  the  extraction  was 
very  low.  The  average  of  a  number  of  experiments  is  given  in 
test  No.  24.  Test  No.  25  shows  the  best  results  obtained  with 
this  oil. 

TABLE  7 
Oil  No.  FPL  28. 

Weight  of  ore  500  grams.     Assay  5.7  oz.  Ag. 


Test 

Oil  mixture  used 

Total 
oil 
lbs. 

Reag- 
ents 

Froth 

Ext. 

Tail 
Ag. 

Remarks 

No. 

Wt. 

Ag. 

23 

10%    FPL    No.    28; 
coal    tar    10%;    coal 
tar  creosote  80%. 

1.5 

13 

109.0 

49.0 

3.02 

Very  little 
froth. 

24 

26%    FPL    No.    28; 
coal  tar  7.4%;  creosote 
66.6%. 

2.0 

4.0 

lbs. 

NaOH 

10 

235.0 

79.0 

1.3 

Average    result. 
Slimes  were 
deflocculated. 

25 

26%    FPL    No.    28; 
coal  tar  7.4%;  creo- 
sote 66.6%. 

2.0 

4.0 

lbs. 

NaOH 

4.5 

474.7 

73.5 

1.56 

Best  result 
obtained. 

26 

40%    FPL    No.    28; 
coal  tar  6%;  coal  tar 
creosote  54%. 

1.5 

8 

173.7 

50.0 

3.02 

Poor  frother. 

Table  No.  8.  This  oil  is  the  mixture  of  hardwood  creosotes  in 
proportion  as  they  are  produced.  The  average  of  a  number  of 
experiments  is  represented  in  test  No.  27.  The  collecting  oils  used 
were  coal  tar  and  coal  tar  creosote.  In  tests  numbers  28,  29,  and 
30  the  coal  tar  and  coal  tar  creosote  were  replaced  by  hardwood 
tar  distillate  and  ketone  residue,  and  it  is  quite  apparent  that  this 
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substitution  was  unsatisfactory.      Both    the  hardwood   tar  and 
ketone  residue  distillates  have  good  frothing  properties. 

TABLE  8 
Oil  No.  FPL  31. 

Weight  of  ore  500  grams.     Assay  5.7  oz.  Ag. 


Test 

Oil  mixture  used 

Total 
oil 
lbs. 

Reag- 
ents 

Froth 

Ext. 

Tail 
Ag. 

Remarks 

No. 

Wt. 

Ag. 

27 

30%    FPL    No.    31; 
coal  tar  7%;  coal  tar 
creosote  63%. 

1.5 

20 

87.7 

61.0 

2.34 

Good  heavy 
froth. 

28 

40%    FPL    No.    31; 
coal  tar  10%;  Hard- 
wood tar  distillate  No. 
30  A,  50%. 

1.25 

47 

30.0 

53.7 

2.96 

Too  much 
froth. 

29 

50%  FPL   31;   hard- 
wood tar  distillate  No. 
30  A.  50%o. 

1.0 

52 

25.3 

52.0 

2.72 

Too  much 
froth. 

30 

50%  FPL  31;  ketone 
residue  No.  29,  50%o. 

1.0 

52 

30.3 

59.0 

2.42 

Too  much 
froth. 

Table  No.  9  contains  the  results  from  oil  FPL  No.  32,  w^hich 
is  composed  of  the  lighter  oils  distilling  below  230°  C.  from  red 
pine  stumps,  such  as  turpentine  and  pine  oils.  The  tests  prove 
it  to  be  inferior  to  pine  oil  FPL  No.  1.  (G.N.S.  No.  55). 

TABLE  9 
Oil  No.  FPL  32. 

Weight  of  ore  500  grams.     Assay  5.7  oz.  Ag. 


Test 

Oil  mixture  used 

Total 
oil 
lbs. 

Reag- 
ents 

Froth 

Ext. 

Tail 

Ag. 

Remarks 

No. 

Wt. 

Ag. 

31 

10%    FPL    32;    coal 
tar  creosote  80%;  coal 
tar  10%. 

1.5 

Scum 

3.92 

Just  a  thin 
scum  was 
formed. 

32 

10%    FPL    32;    80%o 
coal  tar  creosote;  10% 
coal  tar. 

2.0 

6 

252.0 

52.6 

2.76 
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Table  No.  10  shows  the  results  from  oil  FPL  No.  33, 
which  as  mentioned  above,  is  the  rosin  and  tar  oil  distilling 
between  230°  C.  and  345°  C.  from  red  pine  stumps. 

TABLE  10 
Oil  No.  FPL  33. 

Weight  of  ore  500  grams.     Assay  5.7  oz.  Ag. 


Test 

Oil  mixture  used 

Total 
oil 
lbs. 

Reag- 
ents 

Froth 

Ext. 

Tail 
Ag. 

Remarks 

No. 

Wt. 

Ag. 

33 

10%    FPL    No.    33; 
coal  tar  10%;  coal  tar 
creosote  80%. 

1.5 

Scum 

23.0 

4.46 

No  froth. 

Table  No.  11  gives  the  results  obtained  from  using  a  pine 

oil  distilled  from  red  pine  stumps.  In  spite  of  the  fact  that  double 

the  quantity  is  required,  it  is  gratifying  to  note  that  this  pine  oil 

produces  higher  results  than  steam  distilled  pine  oil  obtained  from 

southern  pine. 

TABLE  11 

Oil  No.  FPL  35. 

Weight  of  ore  500  grams.     Assay  5.7  oz.  Ag. 


Test 

Oil  mixture  used 

Total 
oil 
lbs. 

Reag- 
ents 

Froth 

Ext. 

Tail 
Ag. 

Remarks 

No. 

Wt. 

Ag. 

34 

10%    FPL    No.    35; 
coal  tar  10%;  coal  tar 
creosote  80%. 

1.5 

6 

190.2 

40.5 

3.4 

V'  of  froth 

35 

10%    FPL    No.    35; 
coal  tar  10%;  coal  tar 
creosote  80%, 

1.5 

4.0 

lbs. 

NaOH 

9 

234.8 

74.0 

1.52 

Slimes  were 
deflocculated. 

36 

20%    FPL    No.    35; 
coal  tar  8%;  coal  tar 
creosote  72%. 

1.5 

32 

63.3 

68.7 

2.0 

Good  hea^^ 
froth. 

37 

20%    FPL    No.    35; 
coal  tar  8%;  coal  tar 
creosote  72%. 

2.0 

35 

59.6 

74.0 

1.56 

Good  heavy 
froth. 
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Table  No.  12.  This  lahlc  shows  ih.e  results  of  experiments 
uilh  a  hardwood  creosote  supplied  by  the  General  Na\al  Stores 
Co.  The  result  was  not  (juite  as  good  as  with  the  Standard 
Chemical  Iron  and  Taimber  Company's  heavy  creosote. 

TABLE  12 
Oil  No.  FPL  38. 

Weight  of  ore  500  grams.     Assay  5.7  oz.  Ag. 


Test 

Oil  mixture  used 

Total 
oil 
lbs. 

Reag- 
ents 

Froth 

Ext. 

Tail 
Ag. 

Remarks 

No. 

Wt. 

Ag. 

38 

40%    FPL    No.    38; 
coal  tar  6%;  coal  tar 
creosote  54%. 

1.75 

27 

65.3 

65.0 

2.0 

Good  froth. 

Table  No.  13.  This  table  contains  the  data  of  two  tests  con- 
ducted on  a  copper  ore  containing  chalcopyrite  in  a  clean  white 
quartz  gangue.  Two  oil  mixtures  were  made  up,  one  containing 
25%  pine  oil  G.N.S.  No.  55;  65%  coal  tar  creosote  and  10% 
coal  tar  and  the  other  40%  heavy  hardwood  creosote ;  54%  coal 
tar  creosote  and  6%  coal  tar.  The  highest  extraction  and  the 
cleanest  concentrate  was  obtained  with  the  hardwood  creosote 
mixture.  These  experiments  were  inserted  to  illustrate  the 
general  utility  of  the  hardwood  creosotes  and  that  in  numerous 
cases  they  could  be  used  to  advantage  as  a  substitute  for  pine  oil. 

TABLE  13 


Weight  of  ore  500  grams.     Assay 

7.9 

copper. 

Test 

Oil  mixture  used 

Total 
oil 
lbs. 

Froth 

Ext. 

Tails 

% 
Cu 

Remarks 

No. 

Wt. 

Cu% 

1 

25%,  pine  oil  FPL  No.  1; 
65%  coal  tar  creosote;  10% 
coal  tar. 

1.5 

155. 

23.4 

91.8 

0.94 

2 

40%     Hardwood     creosote 
FPL  No.  26;  54%  coal  tar 
creosote  6%  coal  tar. 

1.5 

157. 

23.6 

93.1 

0.80 
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Table  No.  14  was  compiled  to  illustrate  the  beneficial  effect 
of  adding  caustic  soda  to  the  flotation  pulp. 

TABLE  14 

Showing  effect  of  NaOH. 


Test 

Oil  mixture  used 

Total 
oil 

Total 
NaON 

Froth 

Ext. 

Tails 

No. 

Wt. 

Ag. 

Ag. 

2 

10%  Pine  oil;  10%  coal  tar;  80%  coal 
tar  creosote. 

1.5 

4 

21 

105. 

81.2 

1.14 

1 

10%  Pine  oil;  10%  coal  tar;  80%  coal 
tar  creosote. 

1.5 

32 

57.3 

67.5 

1.90 

Heavy  hardwood  creosote 

21 

30%  FPL  No.  26;  7%  coal  tar;  63% 
coal  tar  creosote. 

1.5 

4 

7 

222.5 

63.0 

1.80 

18 

40%  FPL  No.  26;  6%  coal  tar;  54%, 
coal  tar  creosote. 

1.5 

30 

60.5 

64.0 

2.10 

Ketone  Oil 

25 

26%   FPL    No.    28;    7.4%   coal   tar; 
66.6%  C.  T.  creosote. 

2.0 

4 

4.5 

474.7 

73.5 

1.56 

26 

40%  FPL  No.  28;  6%  coal  tar;  54% 
coal  tar  creosote. 

1.5 

8 

173.7 

50.0 

3.02 

Pine  oil,  red  pine  stumps. 

35 

10%  FPL  No.  35;  10%  coal  tar;  80% 
coal  tar  creosote. 

1.5 

4 

9 

234.8 

74.0 

1.52 

37 

20%  FPL  No.  35;  8%  coal  tar;  72% 
coal  tar  creosote. 

2.0 

35 

59.6 

74.0 

.1.56 

The  great  improvement  in  both  the  grade  of  the  concentrate 
and  in  the  extraction  warrants  investigation  from  a  practical 
and  commercial  standpoint.    It  is  probable  that  the  amount  of 


i 
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caustic  soda  coiihl  he  reduced  in  practice.  The  caustic  soda  ap- 
parently dellocoulales  the  slime,  releasing  any  silver  values  en- 
closeil  in  the  tloccules  of  ganj^ue.  In  the  absence  of  caustic  soda, 
the  oil  must  penetrate  the  floccules  of  slime  in  order  to  reach  and 
oil  the  mineral  particles. 


(Final  Papkr) 

In  August,  1916  the  Canadian  Government  at  the  request 
of  the  Cobalt  mining  interests  began  active  work  on  an  inves- 
tigation of  Canadian  wood  oils  for  ore  flotation. 

The  success  of  the  process  for  the  concentration  of  the  low 
grade  silver  ores  had  already  been  demonstrated.  On  account 
of  the  difficulty  which  the  flotation  plants,  (the  number  of  which 
was  rapidly  growing)  experienced  in  obtaining  an  adequate 
supply  of  imported  pine  oil,  it  was  decided  to  investigate  the 
possibilities  of  either  finding  a  substitute  for  pine  oil,  which  was 
found  necessary  as  a  selective  frothing  oil,  or  of  producing  a 
satisfactory  grade  of  pine  oil  in  sufficient  quantities  from  Cana- 
dian resinous  wood  waste. 

The  collecting  of  the  wood  oils  was  carefully  planned  and 
speedily  carried  out  by  the  Forest  Products  Laboratories,  Mont- 
real, where  physical  and  chemical  examinations  were  made.  The 
flotation  tests  were  made  by  the  Division  of  Ore  Dressing  and 
Metallurgy,  Mines  Branch,  Ottawa. 


Part  1. 
The  Collection  and  Examination  of  the  Wood  Oils. 

Experience  has  shown  that  the  flotation  value  of  an  oil 
or  oil  mixture  for  a  given  ore,  and  especially  the  silver  ores  of  the 
Cobalt  area,  cannot  as  yet  be  forecasted.  Hence  it  was  necessary 
to  collect  all  available  wood  oils,  both  resinous  and  hardwood, 
of  which  the  price  seemed  to  be  reasonable;  and  in  the  collecting 
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of  these  oils  special  care  was  taken  to  learn  their  origin  and  to 
make  sure,  as  far  as  possible,  that  these  oils  could  be  duplicated 
commercially. 

With  the  permission  of  the  Standard  Chemical,  Iron  and 
Lumber  Company  of  Canada,  Limited,  the  accompanying  flow- 
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DESTRUCTIVE        DISTILLATION       OF       RLSINDU5        WOOD 

At   preserTt   no    conomercial     pl&nb    lO    Canada 

WOOD 

MMenSkl    experimented    wrfb    h&6   been    ma^ioly     Red     Pine  &  Wes+ero    Yellow  Pioe 
old  slumps  9pli>  wood    cbaroed  into    ovens    Sdme   d>s    hardwoocl. 


Gftses 
Loss 


MIXED    OIL— ACID    distillate: 
Settling  laoks 


Cl^^rco»l 
Pit-cb 


Crude  Oils 

Aqueoos   fraction   vrbtcb  i»  usually   biob, 
stparated    either    by  distillckiion  or  by 
seHIIno  fer   lona  time 

W&ler   Free  Oib 

Distilled  with  (or  without)  the 
aid  of  live   ateano 


Crude  Pyrohi^neous  Acid 

Wood  alcohol  and  ocedc  acvi 
content,,  not   hiob  eoouab   to 
be   worth  rtfioio^ 


Pyroli^neou5  Acid 


May  be  worth  refiom* 
■for  wood  alchoi  and  A,cctic  Acid 


Di5tilla.k 

I 
Lii^bt  Oils 


Gases 


Wood 
Turpentine 


Lii^bt  Oil 


Residue 

I 

Pine  Ta.r  Ojla 

3old  as  such  or  distilled  in  fire  s(-i 

IL_[ 


Crude 
Pine  Oil 


Rosin  Oil 


Heavy 
Tar  Olt 


Crude 
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Flow  Sheet  No.  2. — Resinous  Wood  Destructive  Distillation  Process. 


sheet  (No.  1)  outlines  the  origin  of  the  hardwood  oil  samples 
collected  from  their  Longford,  (Ontario)  plant. 

As  yet  there  is  no  commercial  source  of  resinous  wood  oils 
in  Canada.  The  purest  grade  of  pine  oil  is  derived  by  the  steam 
and  solvent  process,  and  a  less  pure  grade  by  destructive  distil- 
lation, from  the  longleaf  southern  pine  of  the  Southern  States. 
As  it  is  very  doubtful  that  any  process  other  than  destructive 
distillation  will  prove  successful  for  Canadian  resinous  wood  waste 
a  flow  sheet  (No.  2)  of  the  destructive  distillation  process  only 
is  given  here.  Resinous  wood  oil  samples  collected  and  tested  for 
flotation  value  include  crude  oil  distillate  and  its  fractions,  from 
experimental  runs  made  on  red  pine  stumps  at  the  Buffalo  Mines, 
Cobalt,  Ontario,  and  crude  oil  distillate  including  crude  turps, 
crude  light  oil  and  pine  tar  oil  from  experimental  distillation 
runs,  by  the  Pritchard  heat  control  process,  on  British  Columbia 
western  yellow  pine  stumps  at  Wilmington,  North  Carolina. 

In  addition  to  a  knowledge  of  the  origin  of  an  individual 
oil,  a  fractional  distillation  and  determination  of  physical  proper- 
ties of  the  fractions  in  detail  were  considered  ample  in  order  to 
describe  the  oil  and  to  be  able  to  obtain  a  duplicate  sample  when 
desired.  In  the  following  standard  method  adopted  for  the  exam- 
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ination  of  the  oils  by  fractional  distillation  the  description  of  an 
oil  by  curves  was  employed.  A  few  of  the  more  successful  oils 
are  illustrated  in  Figures  1,  2,  3  and  4. 

Details  of  this  standard  fractional  distillation  method  are 
as  follows: 

Distillation  Flask  Used: — Ordinary  half  litre  Engler  dis- 
tillation flask  made  of  Pyrex  glass. 

Fractionating  Column: — ^Two  inches  of  standard  glass  ring 
beads  supported  in  platinum  or  aluminum  wire  basket  resting 
on  hollow  glass  tubing;  the  upper  end  of  the  glass  tubing  is  bent 
in  the  loop  and  fits  the  lower  end  of  the  stem  of  the  flask,  while 
the  lower  end  rests  on  the  bottom  of  the  distillation  flask  itself. 
This  glass  tubing  support  with  the  upper  loop  end  drawn  out 
and  sealed  and  the  lower  end  left  open  also  helps  to  prevent  bump- 
ing, by  causing  a  steady  stream  of  fine  bubbles  of  the  expanding 
air  within  the  tube  to  escape  from  the  contact  point  at  the  lower 
end  as  the  temperature  rises. 

Condenser: — A  short  Liebeg  water  condenser  held  in  position 
at  an  angle  of  about  45  degrees  and  fitted  so  that  for  a  high 
boiling  oil  the  water  could  be  run  out  from  the  jacket  and  a 
stream  of  air  passed  through  either  by  pressure  or  suction. 

Source  of  Heat: — An  electric  oven  was  constructed  for  the 
purpose  in  which  the  distilling  flask  was  set,  leaving  only  the 
neck  of  the  flask  with  its  fractionating  column  of  beads  exposed. 
The  rate  of  distillation,  which  it  is  important  to  keep  uniform, 
is  controlled  by  varying  the  electric  current  for  different  oils. 
Thus  the  heat  increases  with  the  current  in  the  heat  equation. 
Heat  =  Constant  ^  RC^T,  where  R  =  resistance  in  ohms,  C  =  cur- 
rent in  amperes  and  T  =  time  in  seconds. 

Thermometer: — A  360-degree  mercury  thermometer  was  in- 
serted so  that  the  top  of  the  mexcury  bulb  was  level  with  the  top 
of  the  delivery  tube  opening.  The  standard  correction  for 
emergent  stem  was  added,  viz.:  N  (t-t^)  0.000143,  where  N  = 
number  of  degrees  on  the  part  of  the  mercury  column  outside 
the  bath,  t  =  temperature  read  and  t^  =  the  average  temperature 
of  the  air  surrounding  the  emergent  part  of  the  stem. 


Wood  Oils  for  Flotation — Parsons  and  C.ilmore      55 

Rate  oj  Distillation: — The  average  rate  of  distillation  was 
2.0  to  2.2  grams  per  minute,  running  between  90  and  120  drops 
in  the  same  time,  depending  on  the  density  of  the  distillate. 

Amount  of  Sample  Used  and  Fractional  Cuts: — 350  grams 
was  the  usual  sample  taken  and  10%  fractions  (about  35  grams) 
were  separated,  the  temperature  and  time  at  each  cut  being 
noted.  Each  fraction  was  collected  in  a  small  cylinder  stand 
^4  inches  in  diameter  and  5  inches  high,  suitable  for  taking 
specific  gravity  readings. 

Specific  Gravity  and  Refractive  Index  Readings: — Specific 
gravity  readings  were  taken  with  a  Westphal  balance  and  at 
room  temperature,  while  the  refractive  index  readings  were 
observed  by  an  Abb  refractometer,  also  at  room  temperature. 
All  readings  were  corrected  to  15°C ;  in  the  case  of  specific  gravity 
0 .  0008  was  added  to  the  observed  reading  for  every  degree  above 
15°C,  and,  in  the  case  of  refractive  index,  0.000365  was  added 
to  the  observed  reading  for  every  degree  above  15°C. 

It  is  evident  that  in  order  to  check  one  distillation  with 
another  on  the  same  sample  a  uniform  rate  of  distillation  is  all 
important,  and  a  uniform  rate  of  distillation  is  directly  dependent 
on  a  uniform  rate  of  heating.  Although  the  best  checks  were 
obtained  when  using  an  electric  oven,  remarkably  close  checks 
were  obtainable  with  the  distilling  fiask  set  in  a  sand  bath  over  a 
gas  flame,  which  flame  could  be  regulated  by  a  screw  pinch  cock. 
This  is  true  and  adaptable  for  oils  with  boiling  point  range  (say) 
below  250°C.  For  higher  boiling  oils,  especially  tar  oils,  a  free 
flame  is  necessary,  but  a  fractionating  column  of  beads  is  in- 
advisable. When  using  a  gas  flame,  an  asbestos  box  or  better 
an  asbestos  cloth  cover  fitted  over  and  around  the  distillation 
flask  served  to  give  better  heat  control  and  resembled  more 
closely  the  conditions  when  the  electric  oven  was  used. 

Although  not  necessary  when  a  uniform  rate  of  heating  is  sup- 
plied, it  was  found  even  for  the  crude  hardwood  creosote  oils  that 
a  fractionating  column  of  beads  aided  in  giving  a  more  uniform 
rate  of  distillation;  the  curves  of  distillations  where  beads  were 
used  showed  more  pronounced  deflection  points  and  gave  much 
better  checks  than  when  no  beads  were  employed. 
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Determination  of  Water  Content  of  an  Oil  Sample: — Where  the 
moisture  content  of  an  oil  is  less  than  10%  and  where  only  a  small 
fraction  of  the  oil  distils  below  say  150°C,  the  aqueous  fraction 
will  be  practically  all  in  the  first  fractional  cut  and  if  collected 
in  a  small  graduated  cylinder  can  be  read  off  directly.  When  an 
oil  sample  has  a  high  aqueous  content  it  is  best  first  to  run  a 
preliminary  distillation  up  to  say  200°C  and  then  after  noting 
and  separating  the  water  layer  return  the  oil  content  to  the  cooled 
distilling  flask  and  begin  again.  A  few  pieces  of  broken  porous 
porcelain  or  pumice  stone  and  a  small  amount  of  paraffin  wax 
put  into  the  flask  with  the  oil,  g-enerally  aid  greatly  in  preventing 
superheating,  bumping  and  excessive  frothing  when  distilling  an 
oil  sample  containing  more  or  less  water. 

Oils  for  Flotation  Tests: — 1st.  Among  the  first  series  of  oils 
tested  were  the  original  crude  oils  as  collected.  These  are 
represented  by  serial  numbers. 

2nd.  A  sample  of  the  total  distillate,  being  the  combined 
fractions  from  a  distillation  run,  was  in  each  case  saved  and  tried 
out  to  see  if  the  removal  of  free  carbon  and  heavy  pitch  or  coke 
residue  from  the  oil  improved  its  flotation  value.  These  distillates 
are  represented  by  an  alphabetic  letter  after  the  number  of  oil 
from  which  it  was  derived. 

3rd.  Individual  fractions  and  groups  of  fractions  were 
saved  for  the  purpose  of  determining  just  what  part  of  a  crude 
oil  was  of  most  flotation  value. 

4th.  Preliminary  chemical  separations  of  the  hardwood 
creosote  oils  into  neutral  and  acidic  (phenolic  and  creosotic) 
constituents  were  made  and  the  respective  flotation  values  of 
these  two  group  separates  tested. 

A  description  of  all  the  oils  submitted  for  flotation  tests 
is  given  in  Table  I.  A  more  detailed  description  of  each  of  these 
oils  is  available  at  the  Forest  Products  Laboratories  where  also 
duplicate  samples  are  in  reserve. 
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TABLE  I— DETAILS  OF  THE  WOOD  OILS  COLLECTED 
AND  EXAMINED 


F.r.i..' 
No. 

Description  of  Oil 

Appear- 
ance 

Sp.  Gr.  and 
Ref.  Index 
at  15°  C 

I'lotalion 

action  on 

('obalt  ores 

I 

Pine  Oil  G.N.S.^  No.  5  (same  as 
(>.N.S.  No.  55  from  longlcaf  south- 
ern pine  by  the  steam  and  solvent 
process. 

95%  by  wt.  distilled  between  190° 
C  and  220°  C   where   sp.  gr.  was 
0.890  to  0.946  and  ref.  index  1.473 
to  1.488. 

Clear, 
light 
amber 

0.9330 
1.4837 

Excellent 
selective 
frother; 
poor 
collector 

2 

Pine   Oil  redistilled   from   G.N.S. 
No.'s  55  and  4. 

100%  distilled  between  190°  C  and 
220°  C. 

Clear, 

light 
amber 

0.9310 
1.4848 

Same  as 
above 

3 

Pine  Oil  G.N.S.  No.   6   (same  as 
G.N.S.  No.  4)  from  longleaf  south- 
ern pine  by  destructive  distillation 
process. 

67%  distilled  between  190°  C  and 
220°  C  where  sp.  gr.   range  was 
0.890  to  0.951.      Only  90%  dis- 
tilled below  246°  C. 

Clear, 
amber 

0.934 
1.4995 

Good 

selective 

frother; 

poor 

collector 

4 

Crude   Oil   Distillate   P.T.T.^   No. 
350   from   southern   pine   by   des- 
tructive distillation. 
50%  by  wt.  only,  distilled  below 
345°  C.     On  primary  distillation 
only  13%  distilled  between  190°  C 
and  245  °  C  where  sp.  gr.  range  was 
0.897  to  0.965. 

Black 
opaque 

1.0190 

Good 
frother 
but 
non- 
selective; 
poor 
collector 

14 

Crude  Oil  Distillate  from  red  pine 
stumps. 

Yield  of  this  oil  is  13.9%  by  wt. 
of  original  wood  or  36  Imp.  gals, 
per  2,600  lb.  cord.    On  secondary 
d  stillation  only  5%  of  original  oil 
distilled  between  gravities  of  0.890 
and  0.965;  28%  of  this  oil  is  dis- 
tillable  with  steam. 

Black 
opaque 

1.009 

Good 
frother 
but 
non- 
selective; 
poor 
collector 

^  Forest  Products  Laboratories  of  Canada. 

*  General  Naval  Stores  Company,  New  York. 

'  Pensacola  Tar  and  Turpentine  Co.,  Gull  Point,  Florida. 
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F.P.L. 

No. 

Description  of  Oil 

Appear- 
ance 

Sp.  Gr.  and 

Ref.  Index 

at  15°  C 

Flotation 

action  on 

Cobalt  ores 

17 

Crude  Turps  from  western  yellow 
pine  stumps. 

Yield  =  10.8   Imp.   gals,   per  2,600 
lb.     cord.        Primary    distillation 
gave    over    609c    distilling    below 
1 74  °  C  with  sp.  gr.  below  0.870. 

Black, 
opaque 

0.9070 

Poor 
frother 

18 

Crude  Light  Oil  from  western  yel- 
low pine  stumps. 

Yield  =  2.4    Imp.    gals,    per    2,600 
lb.  cord.   Primary-  distillation  gave 
over  50%  distilling  below  190°  C 
with  sp.  gr.  below  0.88. 

Black, 
opaque 

0.9300 

Good 

frother 

and 

fairly 

selective 

19 

Crude  Pine  Tar  Oil  from  western 
yellow  pine  stumps. 
Yield  =  38    Imp.    gals,    per    2,600 
lb.  cord.    Less  than  12  St  distilled 
below  246°  C  having  gravity  below 
1.01.   This  oil  yields  6.5%  of  crude 
pine  oil   suitable   for   flotation  of 
Cobalt  ore. 

Black, 
opaque 

Good 
frother 
but 
non- 
selective; 
poor 
collector 

23 

Coal  Tar  from  the  Dominion  Tar 
and     Chemical     Co.,     Sault     Ste. 
Marie,  Ont. 

Black, 
opaque 

Excellent 
collector 

24 

Coal  Tar  Creosote  from  the  same 
company  as  above. 
80%  by  wt.  distilled  between  170° 
C  and  325°  C. 

Black, 
opaque 

Excellent 
collector 

25 

Light  Hardwood  Creosote  Oil  from 
top  of  separating  tanks  after  crude 
pyroligneous  acid  copper  stills  and 
also  after  lime-lee  stills. 
35%  by  wt.  distilled  below  150°  C 
having  gravity  below  0.885.    Over 
90%    distilled    below    255°    C    of 
which  gravity  was  below  1.025. 

Black, 
opaque 

0.9550 

Good 

frother 

and 

selective, 

fair 

collector 

25A 

Light  Hardwood  Creosote  being  35% 
of  No.  25. 

Distillation  range    60°C— 150°C 
Sp.  Gr.             «       0.880—0.882 
Ref.  Index      "       1.407—1.458 

Clear, 

light 

amber 

0.8880 

1.4288 

Poor 
frother 
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F.P.L. 

No. 

Description  of  Oil 

Appear- 
ance 

Sp.  Gr.  and 
Ref.  Index 
at  15°  C 

Flotation 

action  on 

Cobalt  ores 

25B 

Li^ht  Hardwood  Creosote  being  57 '^o 
of  No.  25. 

Distillation  range  150°C— 255°C 
Sd.  Gr.            "       0.882—0.990 
Ref.  Index      "       1.458—1.520 

Clear, 

reddish 

amber 

0.9750 
1.5077 

Good 

selective 

frother; 

good 

collector 

26 

Heavy  Hardwood  Creosote  Oil  from 
bottom  of  same  separating  tanks 
as  above. 

Less   than    24%    including   8.5% 
aqueous   distilled   below   200°   C. 
62%  distilled  between  200°  C  and 
260°  C  where  sp.   gr.  range  was 
1.013  to  1.044. 

Black, 
opaque 

1.0375 

Very 

good 

selective 

frother; 

good 

collector 

26A 

Heavy  Hardwood  Creosote  Distillate 
being'  82%  of  No.  26. 
Distillation  range    60°C— 260°C 
Sp.  Gr.            "       0.924—1.036 
Ref.  Index      "       1.434—1.534 
75%  acidic,  23%  neutral. 

Reddish 
amber 

1.0300 
1.5115 

Good 

selective 

frother 

and 

good 

collector 

27 

Heavy  Hardwood  Creosote  Oil  known 
as  'acid  oil'  coming  from  separat- 
ing tanks  after  heavy  oil  and  tar 
still. 

Less  than   14%   including  5.25% 
aqueous   distilled    below   200°   C. 
75.5%o   distilled   between   200°   C 
and  265°  C  where  sp.  gr.  range  was 
1.0435  to  1.0675. 

Black, 
opaque 

1.0545 

Very 

good 

selective 

frother; 

good 

collector 

27A 

Heavy  'Acid  Oil'  Distillate  being 
87.5%  of  No.  27. 
Distillation  range  90°C— 265°C 
Sp.  Gr.            "       1.023—1.063 
Ref.  Index      «       1.479—1.530 
90%  acidic,  9%,  neutral. 

Reddish 
amber 

1.0490 
1.5210 

Same  as 

No.  27. 

28 

Heavy  Yellow  Ketone  Oil  from  the 
refining  of  acetone. 
Of    the    several    ketone    oils    this 
sample  is  the  heaviest  of  the  series 
leaving  ketone  residue.   Over  90% 
distilled   below    120°C   where   sp. 
gr.  range  was  0.81  to  0.82  and  ref. 
index  1.389  to  1.400. 

Clear, 
amber 

0.8275 

Fair 

frother, 

selective 

action 

greatly 

increased 

bv  alkali 

(NaOH) 
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F.P.L. 

No. 

Description  of  Oil 

Appear- "i 
ance 

Sp.  Gr.  and 

Ref.  Index 

at  15° C 

Flotation 

action  on 

Cobalt  ores 

29 

Ketone   Residue,    of   thick   syrupy 
nature    being    residue    after    the 
refining    of   acetone    and    various 
ketone  oils. 

70%   is  distillable  below  300°  C 
above  which  it  is  hard  to  proceed 
under  ordinary-  conditions.     Over 
60%  distilled  between  210°  C  and 
300°  C   where  sp.   gr.   range  was 
0.91  to  1.014. 

Black, 
opaque 

1.0345 

Good 

selective 

frother 

and 

fair 

collector 

29A 

Ketone    Residue    Distillate    being 
70%  of  No.  29. 

Distillation  range   95°C— 310°C 
Sp.  Gr.             "       0.910—1.020 
Ref.  Index      "       1.470—1.590 

Reddish 
brown, 
slightly 
opaque 

0.943 

Good 

frother 

and 

fairly 

selective 

30 

Hardwood   Tar  being  residue  left 
in    tar    stills    after    all    available 
acid-alcohol    liquor    and    creosote 
oils  have  been  removed.    Without 
the  aid  of  a  small  amount   of   su- 
perheated  steam  it  is   difficult   to 
distill  more  than  30%  of  this  tar. 
39%  including  9%  aqueous  distil- 
led below  300°  C  of  which  sp.  gr. 
was  below  1.132. 

Black, 

opaque 

and 

quite 

viscous 

Good 
frother, 
but 
non- 
selective 

30A 

Hardwood  Tar  Distillate  being  30% 
of  No.  30. 

Distillation  range    90  °C— 235  °  C 
Sp.  Gr.            "       1.025—1.14 
Ref.  Index      "       1.490—1.50 
Roughlj- — 50%  acidic 

Reddish 
brown, 
almost 
opaque 

1.058 
1.495 

Good 

frother, 

poorly 

selective; 

and  fair 

collector 

31 

Hardwood  Creosote  Mixture  being 
mixture  in  proportion  produced  of 
No.  25 — Light  creosote  oil 
No.  26 — Hea\y  creosote  oil  and 
No.  27 — Acid  oil. 

See  F.P.L.  No.  31  A. 

Black, 
opaque 

0.9985 

Good 

selective 

frother 

and 

good 

collector 

31A 

Hardwood    Creosote    Mixture    Dis- 
tillate being  87%  of  No.  31. 
Distillation  range    55  °C — 255  °C 
Sp.  Gr.            «       0.882—1.022 
Ref.  Index      "       1.416—1.524 
Roughly— 50%  acidic,  50%  neu- 
tral. 

Clear, 

dark 

amber 

0.989 

Good 

frother 

and 

selective; 

fair 

collector 
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F.P.L. 

No. 

Description  of  Oil 

Appear- 
ance 

Sp.  Gr.  and 
Ref.  Index 
at  15° C 

Flotation 

action  on 

Cobalt  ores 

32 

Crude    Light    Oil    from    red    pine 
stumps  being  oils  distilling  below 
235°  C  from  F.P.L.  No.  14  having 
sp.  gr.  below  0.995. 

Dark 
amber 

0.9293 
1.4830 

Poor 
frother  m 
quantities 
used;  poor 
collector 

33 

Rositt  and  Tar  Oil  from  red  pine 
stumps    being    oils    distilling    be- 
tween 235°  C  and  345°  C  in  pri- 
mary distillation  of  F.P.L.  No.  14 
having  sp.  gr.  range  0.995  to  L017 

Reddish 
amber 

1.0150 

Poor 
frother 
in  quanti- 
ties used. 

34 

Turps  and  Light  Oil  from  second- 
ary distillation  of  oil  distillate  from 
red    pine   stumps,    being   fraction 
of  No.  32  distilling    up    to  75°  C 
having   gravity   below   0.886   and 
refractive  index  L451  to  L477. 

Light 
amber 

0.8900 
1.4708 

Poor 

frother 

in 

quantities 

used. 

35 

Crude    Pine    Oil    from    red    pine 
stumps   being   fraction   from   dis- 
tillation of  No.  32,  distilling  be- 
tween 175°  C  and  216°  C   (using 
beads    as    fractionating    column) 
and  having  gravity  range  of  0.886 
to  0.995  and  Ref.  Index  range  of 
1.477  to  1.503. 

Yield  =  4.3  Imp.  gals,  per  2,600  lb. 
cord. 

Clear, 

light 

amber 

0.9443 
1.4942 

Excellent 

frother 

and 

selective; 

fair 

collector 

36 

Light    Rosin    Oil    from    red    pine 
stumps  being  fraction  on  No.  32 
distilling  between  216°  C  and  250° 
C  having  sp.  gr.  range  0.995  to  1.03 
and  ref.  index  1.503  to  1.517. 

Reddish 
amber 

Good 
frother; 
poor 
selector 

37 

Light  Hardwood  Creosote  Oil  (G.N. 

S.  No.  17). 

50%    of    this   oil    distilled    below 

150°  C  with  gravity  range  between 

0.875  to  0.885. 

90%  distilled  below  240°  C  with 

gravity  below  1.002  leaving  10% 

hard  pitch  residue. 

Black, 
opaque 

0.9370 

Good 

frother 

in 

quantities 

used; 

fair 

collector 
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F.P.L. 

No. 

Description  of  Oil 

Appear- 
ance 

Sp.  Gr.  and 

Ref.  Index 

at  15°  C 

Flotation 

action  on 

Cobalt  ores 

37A 

Light  Hard-wood  Creosote  Oil  from 
primary  distillation  of  No.  37. 
Distillation  range    60  °C — 240  °C 
Sp.  Gr.            "       0.87  —1.002 
Ref.  Index      "       1.411—1.523 

Clear, 

dark 

amber 

0.9195 

1.4665 

Fair 
frother 

38 

Heavy  Hardwood  Creosote  Oil  (G.N. 

S.  No.  18). 

637c  of  this  oil  distilled  below  240° 

C  having  gravity  range  0.871   to 

1.079    leaving    il%    hard    pitch 

residue. 

Black, 
opaque 

1.0620 

Good 

frother; 

good 

selector; 

good 

collector 

39 

Hardwood  Oil  Fraction  20%  of  N^o. 
31  (hardwood  creosote  mixture). 
Distillation  range    55  °C — 152  °C 
Sp.  Gr.            "       0.880—0.890 
Ref.  Index      "       1.410—1.440 
28%  acidic,  70%  neutral. 

Clear, 

light 

amber 

0.8910 
1.4297 

Poor 
frother 

40 

Hardwood  Oil   Fraction   18.5%  of 
No.  31. 

(Hardwood  creosote  mixture) 
Distillation  range  152°C— 202°C 
Sp.  Gr.            «       0.890—0.985 
Ref.  Index      "       1.440—1.505 
33.5%  acidic;  66.5%  neutral 

Clear, 

light 

amber 

0.9623 
1.4883 

Good 

frother; 

good 

selector; 

fair 

collector 

41 

Hardwood  Oil   Fraction   IQ.5%  of 
No.  31. 

(Hardwood  creosote  mixture) 
Distillation  range  202°C— 220°C 
Sp.  Gr.             "       0.985—1.020 
Ref.  Index      "       1.505—1.520 
66%  acidic;  34%  neutral 

Clear, 
amber 

1.0142 
1.5182 

Good 
frother; 
good 
selector; 
fair 
collector 

42 

Hardwood  Oil  Fraction  20%  of  No. 

(Hardwood  creosote  mixture) 
Distillation  range  220°C— 240''C 
Sp.  Gr.            "       1.020—1.025 
Ref.  Index      "       1.520—1.525 
69%  acidic;  31%  neutral. 

Clear, 

dark 

amber 

1.0230 
1.5254 

Good 

frother; 

good 

selector ; 

fair 

collector 
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F.P.L. 

.'Xppear- 

Sp.  Gr.  and 

Flotation 

No. 

Description  of  Oil 

ance 

Ref.  Index 
at  15° C 

action  on 
Cobalt  ores 

43 

Hardwood  Oil  Fraction  io%  of  No. 

Good 

Ji.   (hardwood  creosote  mixture). 

Reddish 

1,0143 

f  rot her; 

Distillation  range  240°C— 255°C 

amber 

fair 

50%  acidic;  50%  neutral. 

1.5240 

selector 

44 

Pine  Oil  from  western  yellow  pine 
(from  crude  turps  No.  17) 

Good 

Distillation  range  190°C— 246°C 

Clear, 

0,9320 

f  rot her; 

Sp.  Gr.             "       0.880—0.9540 

light 

comparing 

Ref.  Inde.x      "     1.4820—1.508 

amber 

1,4945 

with 

Yield  =  0.75  Imp.  gals,  per  2,600 

No.  3 

lb.  cord. 

45 

Crude  Pine  Oil  from  western  yel- 
low   pine    stumps    obtained    from 

crude  light  oil  No.  18  and  pine  tar 

Dark 

0,9480 

Same  as 

oil  No.  19. 

amber 

above. 

Distillation  range  190°C— 245°C 

1.4960 

Sp.  Gr.             "       0.895—0.989 

\  ield=0.35  and  2.6  Imp.  gals,  per 

2,600  lb.  cord  from  No.  18  and  No. 

19  respectively. 

46 

Light  Oils — turps  and  light  oil  from 

White 

0,8735 

Very 

western  yellow  pine  stumps  obtain- 

to 

poor 

ed  from  crude  turps  No.   17  and 

amber 

1,4780 

frother 

crude  light  oil  No.  18. 

47 

Neutral  Oil  —  so%  of  No.  31 A 
(hardwood  creosote  mixture)  after 
extraction  with  dilute  H2SO4  and 

NaOH. 

Amber 

0,9260 

Good 

%  of 

Ref; 

frother; 

47A 

No.  47 

Dist.  Range 

Sp.  Gr. 

Index 

1.4900 

fairly 

23.4 

59°C— ISCC 

0.8805 

1 . 4442 

selective 

47  B 

25.4 

150°C— 200°C 

0.9113 

1,4805 

47C 

42.8 

200°C— 2qo°c 

0.9585 

1.5120 

48 

Acidic  Oil — 50%  of  No.  31 A  (hard- 

wood creosote  mixture — being  por- 

Dark 

1.0425 

Good 

tion  extracted  by  dilute  NaOH  and 

amber 

selective 

•then  recovered  by  acidifying  and 

1.5260 

frother 

distilling.  Only  about  1%  distilled 

below  200 °C. 

36%  dist.  200-215  °C—sp.  gr.  1.025 

40%     "     215-230°C—  "      "   1.050 

23%     «     230-255°C— "     "1.050 
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F.P.L. 

No. 

Description  of  Oil 

Appear- 
ance 

Sp.  Gr.  and 

Ref.  Index 

at  15°  C 

Flotation 

action  on 

Cobalt  ores 

48A 

Acidic  Oil  from  No.  26 A  and  No. 
2jA    (hardwood  creosote  oils) 
Distillation  gave  the  following: — 

%  by  volume 
Corrected  tempera- 
ture                26A      27A 
upto200°C        10.0       7.5 
200°C— 215°C       31.0     19.5 
215°C— 230°C       31.0    37.5 
230°C— 255°C        28.0    35.5 

Dark 
amber 

Same 

as 

above 

49 

Neutral  Hardwood  Oil  from  No.  26  A 
(heavy  hardwood  creosote  oil)  and 
from  27A  (heavy'  acid  oil). 
18%  of  this  oil  distilled  below  200 °C 

Dark 
amber 

0.9634 
1.5090 

Same 
as 
No.  48 

50 

CrudeWood  Oil — a  by-product  from 
top  of  digesters  of  the  alkaline  sul- 
phate  process   for   manufacturing 
paper  pulp  from  Jack  pine,  spruce, 
etc.    The  crude  oil  is  of  grease-like 
consistency  while  its  distillate  is  a 
light  oil.  Both  have  a  very  disagree- 
able odor.     Only   11.8%   distilled 
below  250  °C.  69.1%by  wt.  distilled 
between  250  °C  and  130  °C  wheresp. 
gr.  range  was  0.920  to  0.935  and  ref . 
index  1.480  to  1.522.— Over  19% 
remained  above  310°C  as  a  hard 
pitch  residue. 

Dark, 

yellow, 
thick 
emul- 
sion 

0.9820 

Unsatis- 
factory 

Pine  Oil  as  a  Standard  Frothing  Oil.— The.  purest  grade  of 
pine  oil  available  (namely  G.N.S.  No.  5)  was  chosen  as  the  stan- 
dard frothing  oil  in  this  investigation.  In  the  standard  oil  mixture 
adopted  the  pine  oil  was  10%,  the  balance  being  80%  coal  tar 
creosote  and  10%  coal  tar. 

Practically  all  the  pine  oil  of  commerce  is  obtained  from  the 
longleaf  southern  pine.  In  this  connection  a  definition  of  pine  oil 
is  interesting.  According  to  specifications  as  adopted  by  the 
United  States  Navy  Department,  pine  oil  must  be  a  properly 
prepared  light  straw  coloured  oil,  produced  by  redistillation  of 
heavy  boiling  point  fractions  resulting  from  the  steam  distillation 
of  wood  turpentines;  have  a  strong  aromatic  odor  resembling 
turpentine;  specific  gravity  not  greater  than  0.937  and  not  less 
than  0.933  at  60°F.    One  hundred  cubic  centimeters  of  the  oil 


Wood  On  s  iok  I'lotatiun     l\\ksoNs  and  Gilmore       65 

when  subjected  to  distillation  in  a  standard  Engler  distilling 
flask  must  yield  at  least  95%  of  distillate  between  the  temper- 
atures 375°F  and  475°F  (190. 5°C  -  246°C). 

It  is  also  interesting  to  note  the  difference  between  pine  oil 
produced  by  the  steam  and  solvent  process  and  pine  oil  produced 
by  destructive  distillation.  A  good  grade  of  each  of  these  oils 
is  supplied  by  the  General  Naval  Stores  Company,  New  York, 
the  oils  being  known  as  G.N.S.  No.  5  and  G.N.S.  No.  6  respect- 
ively. 95%  by  weight  of  the  pine  oil  from  the  steam  and  solvent 
process  distilled  between  190°C  and  220°C  where  the  specific 
gravity  range  was  from  0.890  to  0.946  and  the  refractive  index 
range  from  1.473  to  1.4888,  while  67.0%  by  weight  of  pine  oil 
from  the  destructive  distillation  process  distilled  between  190°C 
and  220°C  and  only  87.0%  between  190°C  and  246°C  where  the 
specific  gravity  range  was  from  0. 890  to  0. 955  and  the  refractive 
index  range  from  1.485  to  1.530.     (See  Figure  1). 

As  will  be  noticed  this  sample  of  pine  oil  from  the  destructive 
distillation  of  southern  pine  does  not  conform  with  the  U.S  Navy 
Department  specifications,  while  pine  oil  from  the  steam  and 
solvent  process  comes  well  within  the  above  specifications. 
Judging  from  actual  flotation  results,  for  Cobalt  area  ore  the  use 
of  steam  distilled  pine  oil  is  to  be  recommended  greatly  in  pref- 
erence to  the  destructive  distillation  grades,  and  graded  specifi- 
cations approaching  95%  distilling  between  190°C  and  220°C 
with  the  proper  specific  gravity  range  seem  worthy  of  consider- 
ation in  buying  pine  oil  for  flotation  purposes.  A  pure  pine  oil 
is  not  always  necessary  for  flotation  purposes,  but  in  using  des- 
tructive distillation  grades  their  value  appears  to  be  in  direct 
proportion  to  the  pine  oil  content  as  defined  above. 

Pine  Oil  from  Canadian  Resinous  Woods: — In  Canada,  the 
most  promising  resinous  wood  materials  are  the  red  (Norway) 
pine  stumps  of  Northern  Ontario  and  the  western  yellow  pine 
stumps  of  British  Columbia.  The  old  stumps,  after  the  tree  has 
been  felled  from  10  to  20  years,  in  many  cases  have  sound  hearts 
rich  in  oleoresin.  Although  the  resin  content  is  high,  the  yield 
of  wood  turpentine  is  only  fair  and  the  proportion  of  true  oil 
is  small  compared  with  the  standard  species — the  longleaf  south- 
ern pine.  In  the  Southern  States  the  yield  of  pure  pine  oil  is 
2  to  3.5  U.S.  gallons  per  cord  of  about  4000  lb.  from  the  best  grades 


66      Wood  Oils  for  Fi  otation — Parsons  and  Gilmore 


O    OBf)  090  091   0.9E  (B3  094  095  036 

©    ROEOOEIO    E2Oe3OE4OES0e60?f»e80WO. 
O      1.-47    1;^    1.49    150    U5I     l.5£     1S5. 


Rorlrj, 


Fig.  1. — Curves  showing  records  of  fractional  distillation  of  two  different 
samples  of  pine  oil  by  steam  and  solvent  process,  F.P.L.  No.  1  (G.N.S. 
No.  5);  and  (2)  pine  oil  bv  destructive  distillation  F.P.L.  No.  3  (G.N.S. 
No.  6). 

of  resinous  wood  waste.  From  the  above  Canadian  woods  the 
crude  pine  oil  fraction,  containing  more  or  less  light  oil  distilling 
between  turpentine  and  pine  oil  proper,  amounts  to  about  4 
Imperial  gallons  per  2600-lb.  cord,  but  only  a  small  proportion 
of  this  can  be  considered  as  true  pine  oil.  By  using  two  or  three 
times  the  usual  quantity  of  the  sample,  fairly  satisfactory  flota- 
tion results  were  obtained.  All  attempts  to  utilize  the  whole 
crude  oil  distillate  or  its  turpentine  or  resin  oil  content  met  with 
failure  in  this  investigation.  As  pine  oil  is  essentially  a  by-product 
of  turpentine  and  resin  recovery  from  resinous  wood  waste,  and 
as  this  recovery  industry  has  not  yet  shown  prospect  of  profitable 
establishment  in  Canada,  there  is  little  promise  of  obtaining  a 
commercial  supply  of  frothing  oil  from  Canadian  resinous  wood 
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Fig.  2. — Curves  showing  distillation  record  of  F.P.L.  No.  31  (crude 
hardwood  creosote  mixture)  of  which  all  its  fraction  except   1  and  2  (i.e. 
below  20%  by  weight)  gave  satisfactory  results  as  a  frothing  oil  in  place  of 
pine  oil  on  ore  from  Cobalt  area. 

waste  suitable  for  use  in  the  flotation  of  the  ores  of  the  Cobalt 
area.  In  this  connection  the  recent  statement^  of  Professor 
H.  K.  Benson  of  the  University  of  Washington,  who  has  inves- 
tigated wood  waste  industries  for  the  United  States  Government, 
is  significant,  viz.:  "The  commercial  status  of  the  softwood 
distillation  industry  is  unsatisfactory  in  the  Pacific  States,  in  the 
Michigan  and  in  the  Wisconsin  districts."  However,  considerable 
commercial  progress  has  recently  been  made  in  the  Southern 
States  on  richer  material  after  a  series  of  failures,  and  it  is  to  be 
hoped  that  technical  investigation  will  in  time  place  the  whole 
resinous  wood  industry  on  a  sound  commercial  basis. 

^  U.S.  Dept.  of  Commerce,  Bureau  of  Foreign  and  Domestic  Commerce, 
Special  Agents  Series  No.  110,  "By-products  of  the  Lumber  Industry." 
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Fig.  3. — Curves  showing  distillation  of  crude  oilsF.P.L.  Nos.  26  and  27, 
heavy  hardwood  creosote  and  hardwood  'acid  oil'  respectively. 

Hardivood  Oils  as  Substitutes  for  Pine  Oil. — In  the  flow  sheet 
(No.  1)  for  destructive  distillation  of  hardwoods,  the  creosote  oils 
have  been  fully  outlined  as  to  their  source.  These  hardwood 
creosote  oils,  for  which  there  is  at  present  little  market  value, 
can  be  drawn  off  separately  as  crude  oils  in  the  process  of  refining 
the  wood  alcohol  and  acetic  acid. 

The  combined  production  of  these  three  oils,  namely  F.P.L. 
Nos.  25,  26,  and  27  (combined  as  oil  No.  31),  is  approximately 
2.4  Imperial  gallons  per  3700-lb.  cord  and  indications  are  that 
all  three  can  be  used  as  frothing  oils  in  place  of  pine  oil. 

While  this  yield  per  cord  is  about  the  same  as  for  pine  oil 
from  longleaf  southern  pine,  the  supply  is  comparatively  large, 
at  present  there  being  over  500  cords  of  hardwood  distilled  daily 
in  Canada,  and  over  ten  times  this  amount  in  the  United  States, 
mostly  in  the  border  states. 

Of  the  individual  hardwood  creosote  oils  heavy  hardwood 
creosote  oil  No.  26  appeared  to  give  the  best  laboratory  results, 
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Fig.  4. — Curve  showing  distillation  records  of  yellow  ketone  oil  F.P.L. 
No.  28,  and  crude  ketone  residue  F.P.L.  No.  29,  both  produced  in  the 
hardwood  distillation  refinery. 

with  acid  oil  No.  27  nearly  as  good.  Light  hardwood  creosote 
oil  No.  25,  with  its  lighter  fraction  boiling  below  150°C  having 
gravity  below  0.882  removed,  gave  results  comparing  favourably 
with  Nos.  26  and  27.  This  lighter  fraction  has  a  disagreeable 
and  penetrating  odor  and  its  removal  would  no  doubt  make  both 
oils  Nos.  25  and  31  (the  former  oil  comprising  over  50%  of  the 
latter)  more  agreeable  to  work  with.    (See  Figures  2  and  3). 

Other  hardwood  oils  worthy  of  mention  are  heavy  yellow 
ketone  oil  and  ketone  residue,  by-products  of  the  manufacture 
of  acetone  from  grey  acetate  of  lime.  While  the  yellow  ketone 
oil  is  already  of  considerable  value  in  the  industries,  its  value 
as  a  flotation  frothing  oil  is  important  especially  in  an  alkaline 
pulp  where  it  gives  a  high-grade  concentrate.  Ketone  residue, 
which  is  black  and  syrupy  in  nature,  is  produced  in  fairly  large 
quantities  and  has  noticeable  collector  values,  as  well  as  being  a 
good  frothing  agent.    This  oil  deserves  more  attention,  not  only 
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for  use  in  the  treatment  of  Cobalt  area  ores,  but  for  use  by  itself 
on  other  ores.    (See  Figure  4). 


Part  2. 
Flotation  Tests  on  Silver  Ore  from  Cobalt  Area 

In  all  185  different  tests  were  made,  a  summary  of  which  is 
given  in  Table  No.  2.  The  slime  from  the  Coniagas  mill.  Cobalt, 
Ontario,  chosen  as  a  representative  product  of  the  area,  was 
used  in  these  tests.  This  slime  carried  5.7  oz.  of  silver  per 
ton,  and  62%  of  the  silver  was  contained  in  the  200-mesh  product. 
500  grams  of  slime,  ground  to  pass  100-mesh,  were  used  in  each 
test.  A  pulp  of  one  part  of  water  to  one  of  slime  along  with  the 
carefully  measured  quantity  of  oil  was  ground  in  a  pebble  mill 
for  20  minutes,  after  which  the  ground  pulp  was  agitated  in  the 
Janney  experimental  flotation  machine  for  6  minutes.  The 
temperature  during  each  test  varied  between  5°C  and  15°C. 

The  Janney  testing  machine  used  throughout  this  exper- 
imental work  consists  of  a  cylindrical  agitation  chamber  fitted 
with  baffles  and  a  spitzkasten  or  settling  chamber  in  which  the 
froth  collects.  The  agitation  is  obtained  by  an  impeller  running 
at  1800  revolutions  per  minute.  A  complete  description  of  this 
machine  can  be  found  in  the  January  1st,  1916,  number  of  the 
Mining  and  Scientific  Press. 

It  has  been  recognized,  especially  for  the  silver-bearing  ore 
of  the  Cobalt  area,  that  both  a  frothing  oil  and  a  collecting  oil 
(or  oils)  were  necessary.  The  oil  mixture^  already  giving  success- 
ful commercial  results  at  Cobalt  was  as  follows: 

10%  pine  oil  (pure)  as  selective  frothing  oil. 
80%  coal  tar  creosote 


._^        ,  ,  as  selective  collecting  oils. 

10%  coal  tar  j 


^  According  to  information  lately  received  the  majority  of  the  mills  have 
increased  the  percentage  of  pine  oil  to  20%  of  the  total  mentioned  and  are 
obtaining  much  better  results. 
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Using  this  as  stand. inl  oil  niixtnrc  No.  1  the  proccdnrc  was 
as  follows: 

1.  The  substitution  for  pine  oil  in  this  standard  oil  mixture 
was  tried  to  a  certain  frothing  value  of  any  new  oil.  If  10%  was 
not  satisfactory  the  percentage  was  raised.  This  constituted  the 
first  series  of  tests  on  each  of  the  several  and  different  oil  samples. 

2.  Substitutes  for  coal  tar  creosote  and  coal  tar  in  standard 
oil  mixture  was  tried  to  ascertain  collecting  value  of  any  pro- 
mising oil. 

3.  Successful  frothing  substitutes  and  successful  collector 
substitutes  were  tried  together  to  ascertain  if  it  was  possible  to 
obtain  an  oil  mixture  from  among  the  wood  oils  having  both 
frothing  and  collecting  properties. 

The  Results. — The  aim  throughout  these  experiments  was 
to  produce  comparative  results  only,  using  pine  oil  and  coal  tar 
products  as  frother  and  collector  respectively  as  a  standard  oil 
mixture.  In  this  connection  the  reader  must  recall  that  no  special 
effort  was  made  to  produce  high-grade  concentrates  or  to  obtain 
high  extractions.  A  rougher  tailing  and  a  rougher  concentrate 
only  were  produced.  Commercial  tests  on  the  more  promising 
hardwood  oils  have  already  been  made,  the  results  of  which  are 
presented  in  Part  3  of  this  paper. 

The  results  of  individual  tests  varied  a  great  deal,  and  extrac- 
tions as  high  as  80%  were  averaged  with  tests  giving  as  low  as 
60%  extraction.  To  the  mining  man  the  efficiency  of  an  oil 
or  oil  mixture  will  be  more  apparent  by  comparing  the  amount 
of  froth  floated  off  and  the  minimum  assay  of  the  tailings. 

The  more  striking  features  of  the  results  summarized  in  the 
table  (See  pages  78  to  86)  are  as  follows : 

1.  67.5%  was  the  average  extraction  of  20  different  tests 
using  pure  pine  oil  (G.N.S.  No.  5),  where  the  tails  averaged 
1 .  90  oz.  from  5 . 7  oz.  heads. 

2.  Tails  as  low  as  1.14  oz.  were  obtained  by  the  use  of 
4  lb.  of  NaOH  per  ton  of  dry  ore  under  the  same  conditions 
as  above. 
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3.  Pine  oil  (G.N.S.  No.  6)  by  destructive  distillation  gave 
satisfactory  results  on  raising  its  percentage  to  15%-20%  of  the 
total  oil  mixture  with  over  12%  of  the  coal  tar  present. 

4.  The  crude  oil  distillate  from  the  destructive  distillation 
of  both  western  yellow  pine  and  red  pine  stumps  used  alone  was 
quite  unsatisfactory  giving  4.00  oz.  tails. 

5.  Crude  turps  No.  17  from  western  yellow  pine  and  a  cor- 
responding light  oil  No.  32  from  red  pine  both  had  too  brittle 
a  froth  and  left  2  .  7  oz.  tails. 

6.  Pine  tar  oil  No.  19  from  western  yellow  pine  and  cor- 
responding oils  Nos.  33  and  36  from  red  pine  could  not  be  utilized 
as  frothing  oils  since  they  lifted  too  much  gangue. 

7.  Crude  pine  oils  Nos.  44  and  45  from  western  yellow  pine 
stumps  and  No.  35  from  red  pine  stumps  gave  satisfactory  results 
when  they  comprised  20%-25%  of  the  total  oil  mixture.  Crude 
light  oil  No.  18  from  western  yellow  pine  gave  comparable  results. 

8.  Results  using  the  three  different  hardwood  creosote  oils, 
namely  Nos.  25,  26  and  27  are  good.  Extractions  from  65%  to 
75%  were  obtained  with  tails  as  low  as  1.59  oz.  Of  the  three 
heavy  oils  heavy  hardwood  creosote  No.  26  gave  the  best  all- 
round  results.  Each  of  the  individual  creosote  oils  gave  better 
results  than  No.  31,  the  combination  of  all  three. 

9.  Oils  Nos.  25A  and  39  are  very  similar  and  deserve  atten- 
tion. They  are  the  hardwood  oil  fractions  distilling  below  150°C 
and  having  gravity  below  0. 89.  This  fraction  has  a  disagreeable 
penetrating  odor  and  its  removal  greatly  improves  oils  Nos.  25 
and  31  in  this  respect.  The  flotation  value  of  this  lighter  and  low 
boiling  point  fraction  is  low,  giving  3.9  oz.  tails. 

10.  In  general  the  hardwood  creosote  oils  gave  better  results 
in  the  crude  state  than  when  refined  by  primary  distillation. 

11.  Of  the  oils  Nos.  39  to  43  inclusive,  which  are  fractions 
distilled  from  No.  31  (hardwood  creosote  mixture),  all  except 
the  lowest  boiling  fraction  No.  39  just  mentioned  gave  approx- 
imately the  same  results. 

12.  Of  the  neutral  hardwood  oil  No.  47  (see  description) 
the  fraction  No.  47C  distilling  above  200°C  gave  good  standard 
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results,  while  the  fractions  Nos.  47A  and  47B  distilling  below 
200°C  were  n(Mi-selective,  as  shown  by  3.0  oz.  tailings. 

13.  Oils  No.  48  and  48a  being  the  phenolic  and  creosotetic 
content  of  the  crude  hardwood  oils  and  practically  all  distilling 
above  200°C,  gave  approximately  the  same  satisfactory  results 
as  neutral  oil  No.  47C  having  the  same  boiling  point  range. 

14.  Yellow  ketone  oil  No.  28  used  alone  gave  very  poor  re- 
sults, but  the  greatly  improved  results  obtained  in  a  pulp  alkaline 
with  NaOH  were  remarkable,  where  the  extraction  averaged 
nearly  80%. 

15.  Ketone  residue  No.  29  which  is  neutral  in  character, 
when  used  to  the  extent  of  20%-30%of  the  total  oil  mixture,  gave 
results  comparing  favourably  with  both  destructively  distilled 
pine  oil  and  the  hardwood  creosote  oils. 

16.  Increasing  the  percentage  of  coal  tar  up  to  25%-30% 
of  the  total  mixture  invariably  gave  improved  results. 

17.  By  the  use  of  crude  hardwood  creosote  oils  the  propor- 
tion of  coal  tar  creosote  could  be  reduced  to  60%  of  the  total  oil 
mixture  and  still  give  satisfactory  results,  but  all  attempts  to 
eliminate  coal  tar  creosote  as  the  selective  collecting  oil  proved 
unsatisfactory. 

18.  Best  results  were  obtained  with  a  cold  pulp  and  at  the 
beginning  of  the  series  of  tests.  The  Janney  flotation  machine 
gradually  decreased  in  efificiency  under  continual  operation  for 
over  five  months.  This  fact  is  all  the  more  reason  for  consider- 
ing the  above  results  as  comparative  only. 

Conclusions. — 1.  Laboratory  results  show  that  crude  hard- 
wood creosote  oils  can  be  substituted  satisfactorily  for  pine  oil 
as  a  suitable  frothing  agent  for  Cobalt  area  silver  ore. 

2.  Crude  ketone  residue  from  the  refining  of  grey  acetate 
of  lime  is  also  a  satisfactory  frothing  oil  for  use  with  this  ore; 
heavy  yellow  ketone  oil  gives  highly  satisfactory  results  when 
used  in  a  pulp  alkaline  with  caustic  soda. 

3.  The  use  of  NaOH  (not  more  than  4  lb.  per  ton  of  dry 
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ore)  gave  an  almost  incredible  improvement  in  extraction  and 
grade  of  concentrate  in  all  oil  mixtures  tried. 

4.  Pine  oil  from  the  destructive  distillation  of  Canadian 
resinous  wood  waste  (western  yellow  pine  and  red  pine  stumps) 
gave  results  comparing  fairly  well  with  pine  oil  from  longleaf 
southern  pine.  Double  the  quantity,  however,  of  the  Canadian 
product  was  required. 

5.  All  attempts  to  utilize  the  whole  crude  oil  distillates 
from  the  destructive  distillation  of  Canadian  resinous  woods  met 
with  failure,  as  they  were  non-selective  in  action.  This  was  also 
found  true  of  the  turpentine  and  rosin  oil  fractions  of  the  crude 
oil. 

6.  The  use  of  coal  tar  creosote  was  found  indispensable  as 
a  selective  collecting  oil  and  all  attempts  to  substitute  hardwood 
tar  were  unsuccessful.  By  the  use  of  hardwood  oils,  however, 
the  proportion  of  coal  tar  creosote  could  be  reduced  considerably. 

Part  3.     Commercial  Flotation  Tests  on  Hardwood  Oils^ 

According  to  the  original  plan  the  most  promising  wood  oils 
were  tested  at  Cobalt  under  commercial  conditions.  Three  hard- 
wood oils  were  given  a  thorough  trial  at  the  Buffalo  Mines  in 
comparison  with  a  standard  pure  pine  oil  (G.N.S.  No.  5).  They 
are  as  follows: — 

Heavy  hardwood  creosote  oil. 
Acid  (creosote)  oil. 
Ketone  residue. 

These  oils,  which  have  been  fully  described  in  Table  No.  1 
and  Figures  Nos.  3  and  4,  are  quite  uniform  in  the  crude  state 
as  produced  and  can  be  considered  standard  flotation  oils. 

Removal  of  the  Aqueous  Fraction  Advisable. — Samples  of  the 
three  oils  mentioned  above  when  examined  at  the  Forest  Products 


F.P.L. 

No. 

26 

F.P.L. 

No. 

27 

F.P.L. 

No. 

29 

^  The  hardwood  oils  used  in  these  commercial  tests  were  supplied  from 
the  Longford,  (Ontario),  plant  of  the  Standard  Chemical,  Iron  and  Lumber 
Company  of  Canada,  Limited  (head  office,  Royal  Bank  Building,  Toronto, 
Ont.) 
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Laboratories  showed  8.55%,  5.25%  and  2.55%  water  content 
respectively.  The  aqueous  fractions  of  the  first  two  oils  were 
distinctly  acid  in  nature  and  strong  enough  to  have  corroding 
action  on  ordinary  iron  metal  containers.  The  water  content  of 
the  ketone  residue  was  natural.  Although  these  hardwood  oils 
can  be  used  with  the  small  percentage  of  water  present  mostly 
as  an  emulsion,  the  removal  of  the  aqueous  fraction  seems 
strongly  advisable,  not  only  on  account  of  the  above  objections 
but  by  reason  of  the  fact  that  the  acetic  acid  and  its  homologues 
forming  the  acid  content  are  essentially  of  no  flotation  value. 

The  higher  aqueous  content  of  heavy  hardwood  creosote  oi^ 
No.  26  compared  with  acid  oil  No.  27  is  due  to  its  lighter  specific 
gravity.  As  has  been  suggested  the  mixing  of  these  two  oils  in  the 
proportions  in  which  they  are  produced  commercially  would  be 
advisable,  since  their  flotation  values  are  equally  satisfactory. 
In  this  way  a  better  gravity  separation  of  the  water  content 
could  be  effected  than  would  be  possible  with  oil  No.  26  alone. 

The  yields  of  these  two  oils  Nos.  26  and  27  as  already  given 
are  respectively  0.486  and  0.284  Imperial  gallons  per  cord. 
Figuring  on  500  cords  of  hardwood  distilled  per  day,  this  means 
that  385  Imperial  gallons  of  this  Canadian  wood  oil  product  are 
available.  For  about  2000  tons  of  silver  ore  treated  daily  at 
present,  only  slightly  more  than  25%  of  this  oil  supply  can  be 
consumed  in  the  Cobalt  area.  Should  the  demand  for  these  hard- 
wood creosote  oils  become  greater  than  the  supply,  it  is  interesting 
to  note  that  oil  No.  25B  according  to  laboratory  results  is  equally 
satisfactory.  As  yet  hardwood  creosote  oil  mixture  No.  31, 
comprised  of  oils  Nos.  25,  26  and  27  in  proportion  produced, 
has  not  been  tried  commercially  at  Cobalt.  Although  small  scale 
laboratory  experiments  on  this  creosote  oil  mixture  in  the  crude 
state  show  good  comparative  results,  indications  are  that  after 
the  removal  of  that  fraction  distilling  below  150°C  with  gravity 
below  0.89  the  mixed  residue  corresponding  to  oils  Nos.  25B,  26 
and  27  would  give  excellent  results  with  Cobalt  area  ore.  Treating 
oil  No.  31  in  this  way  by  a  preliminary  distillation  would  also 
remove  all  the  aqueous  content  and  give  a  very  desirable  water- 
free  flotation  oil.  The  commercial  supply  of  this  crude  hardwood 
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creosote  mixture  after  such  treatment  would  be  over  500  Imperial 
gallons  per  day  in  Canada. 

Proposed  Specifications  for  Hardwood  Creosote  Oils. — Oils 
Nos.  26  and  27  with  17.5%  and  10%  respectively  distilling  below 
\5Q°C  including  8.55%  and  5.25%  aqueous  content  have  been 
found  to  give  satisfactory  flotation  results  when  used  in  the  crude 
state.  Calculating  to  the  water-free  oil  basis  this  means  that  these 
two  crude  oils  contained  respectively  9 . 3%  and  4 . 9%  of  moisture- 
free  oil  distilling  below  150°C,  according  to  the  standard  method 
of  fractional  distillation  for  the  examination  of  crude  oils  already 
proposed. 

Taking  these  two  crude  oils  somewhat  as  a  standard  and 
keeping  in  mind  the  hardwood  creosote  oil  mixture  No.  31  with 
the  aqueous  and  lighter  oil  fractions  removed  as  suggested  above, 
it  would  seem  that  the  following  general  specifications  would  be 
fair  restrictions  to  propose  for  the  buying  of  hardwood  creosote 
oils,  for  the  purpose  of  using  as  selective  frothing  agents  for 
Cobalt  area  ore. 

1st.  The  aqueous  content  shall  be  less  than  5%  of  the 
crude  oil  as  received. 

2nd.  Not  more  than  10%  of  the  water- free  oil  shall  distill 
below  150''C  (corrected  temperature)  and  with  specific  gravity 
below  0 .  89  at  15°C  according  to  the  standard  method  of  fractional 
distillation  already  outlined. 

3rd.  At  least  65%  of  the  water-free  oil  shall  distill  between 
200°C  and  265°C,  where  the  gravity  shall  be  betvv^een  0.975  and 
1.065. 

4th.  Not  more  than  15%  of  the  water-free  crude  oil  shall 
remain  as  a  hard  pitch  or  coke  residue. 

These  specifications  would  not  apply  to  ketone  residue  which 
is  somewhat  different  in  nature  from  the  creosote  oils.  Where 
a  high-grade  concentrate  is  not  desired  and  the  aim  would  be  to 
lift  considerably  more  mineral  bearing  gangue  particles. in  order 
to  reduce  the  tailings  assay,  considerably  more  pitch  residue  than 
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indicated  in  the  fourth  specification  above  may  be  used.  This, 
however,  may  be  accomplished  by  adding  hardwood  tar  as  such, 
containing  over  70%  pitch  residue,  to  the  total  oil  mixture. 

Commercial  Tests. — The  commercial  tests,  carried  on  during 
42  continuous  shifts,  were  made  in  the  large  Callow  cells  without 
interruption  of  the  general  procedure.  During  the  first  26  shifts 
the  standard  pine  oil-coal  tar  products  mixture  was  used.  In 
Tables  Nos.  3  and  4  the  results  are  given  in  full.  In  the  remaining 
16  shifts  the  hardwood  oils  were  substituted  for  pine  oil  in  order 
as  follows:  Heavy  hardwood  creosote  oil  No.  26  in  6  shifts,  acid 
oil  No,  27  in  5  shifts  and  ketone  residue  No.  29  in  the  last  5  shifts. 
Tables  No.  5,  6  and  7  give  the  respective  results  when  using  these 
three  different  hardwood  oils. 

The  tables  speak  for  themselves.  It  is  interesting  to  note 
that  these  commercial  tests  gave  more  than  20%  higher  extrac- 
tions than  were  obtained  in  small  scale  laboratory  tests.  This 
should  be  borne  in  mind  when  studying  the  comparative  results 
on  the  fifty  different  wood  oils  examined  during  this  investiga- 
tion. 

The  operation  of  the  commercial  flotation  machines  needed 
no  special  attention  during  the  runs  on  the  hardwood  creosote 
oils  Nos.  26  and  27. 

When  using  ketone  residue,  however,  care  had  to  be  taken 
to  keep  out  traces  of  foreign  oil  such  as  lubricating  oil  which  had 
a  deleterious  action  on  the  somewhat  sensitive  though  heavy 
froth. 

Conclusions. — 1.  Crude  hardwood  oils,  the  supply  ot  which 
is  abundant,  can  be  substituted  for  pine  oil  as  a  selective  frothing 
agent  in  the  commercial  flotation  of  Cobalt  area  silver  ores. 

2.  Heavy  hardwood  creosote  oil  F.P.L.  No.  26  and  acid 
(creosote)  oil  F.P.L.  No.  27  give  equally  satisfactory  results  and 
a  mixture  of  these  two  oils  in  proportions  as  produced  is  recom- 
mended as  a  standard  hardwood  flotation  oil. 

3.  Ketone  residue  in  the  crude  state  can  also  be  considered 
a  satisfactory  flotation  oil  for  commercial  use  on  Cobalt  area 
silver  ore. 
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Hardwood  Flotation  Oils  for  Other  Canadian  Ores. — Hardwood 
creosote  oils  have  been  tested  on  a  laboratory  scale  with  copper 
ore  from  Bruce  Mines,  Ont.  From  ore  assaying  7.9%  copper 
a  mixture  of  40%  heavy  hardwood  creosote  oil  F.P.L.  No.  26, 
54%  tar  creosote  and  6%  coal  tar  gave  93 . 1%  extraction,  leaving 
tails  analyzing  0.8%  copper.  Other  hardwood  oils  should  give 
equally  satisfactory  results. 

Ketone  residue  has  pro\-ed  satisfactory  for  the  flotation  of 
low  grade  copper-nickel  ore  of  the  Sudbury  district  and  a  com- 
mercial demand  for  the  oil  has  already  been  effected  as  the  result 
of  this  investigation. 

Hardwood  creosote  oils,  especially  light  hardwood  creosote 
oil  F.P.L.  No.  25,  has  promising  qualities  for  treatment  of  the 
lead-zinc  ores  and  copper  ores  of  British  Columbia. 

Further  investigations  of  the  commercial  flotation  problems 
of  other  Canadian  ores,  especially  those  from  British  Columbia, 
are  now  being  carried  out  in  the  Ore  Dressing  Division  of  the 
Mines  Branch,  which  has  secured  a  complete  collection  of  the 
Canadian  crude  wood  oils  and  their  fractions. 
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NOTES  ON  MILLING  PRACTICE  AT  THi:  McINTYRE 
MINE,   PORCUPINE,  ONT. 

By  a.  Dorfman^ 

The  ore  milled  at  the  Mclntyre  may  be  classified  under 
three  heads,  depending  on  the  predominating  character  of  the 
gangue.  The  three  classes  are: — (1)  a  quartz  ore,  (2)  a  grey 
schist  ore,  (3)  an  ellipsoidal  basalt  ore.  The  principal  associated 
minerals  are  ferrodolomite,  amounting  to  as  much  as  80%  of  the 
grey  schist  ore,  pyrite  varying  from  5%  up  to  20%,  also,  sericite, 
leucoxene  and  chlorite.  The  specific  gravity  of  the  ore  depends, 
of  course,  on  the  relative  proportions  of  the  different  classes 
described  above,  and  therefore  varies  from  2.65  up  to  2.86  or 
even  2.90.  The  grey  schist  crushes  more  readily  than  the  quartz; 
that  is  a  given  amount  of  power  expended  in  crushing  the  schist 
will  produce  a  finer  product  than  when  expended  in  crushing 
the  quartz. 

Examination  of  the  ore  under  the  microscope,  shows  that 
the  gold  occurs : 

(a)  As  free  gold  in  the  quartz, the  grains  ranging  from  micro- 
scopically fine  up  to  fairly  coarse  particles. 

(b)  Occasionally,  in  the  from  of  fine  films  in  unmineralized 
schist. 

(c)  Mainly,  in  association  with  iron  pyrite. 

At  the  present  time,  about  80%  of  the  ore  milled  is  a  heavily 
mineralized  schist,  with  a  small  percentage  of  quartz.  Under  the 
microscope  the  gold  is  seen  either  as  very  small  particles  on  the 
corners  of  the  pyrite  crystals,  or  as  a  fine  film  on  the  faces  of  the 
crystals.  These  crystals  range  from  minute  to  quite  visible 
cubes.  The  richer  ore,  however,  always  contains  very  minute 
crystals  of  pyrite  and  these  are  generally  found  in  association 
with  the  sc  st.  The  study  of  the  physical  characteristics  of  the 
ore  in  conjunction  with  other  experimental  work  which  was  started 
during  the  mine  development  period  and  contained  up  to  this 
writing  has  resulted  in  the  development  of  successful  methods  for 
treating  the  ore.     The  history  of  the  experimental  work  may  be 

^Superintendent  of  the  Mclntyre  Mill. 
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outlined  briefly  as  follows.  The  first  ore  mined  at  or  near  the  sur- 
face was  mainly  quartz  and  contained  free  or  visible  gold.  The 
treatment  indicated  as  desirable  for  this  ore  was  amalgamation 
and  concentration. 

Amalgamation  and  Concentration: — A  10-stamp  mill  and 
concentration  plant  was  erected  on  the  McIntyre  property,  de- 
signed to  treat  from  50  to  60  tons  of  ore  per  24  hour  day.  During 
the  first  two  months,  as  much  as  80%  of  the  contained  gold  was 
recovered  by  amalgamation,  and  since  from  10%  to  15%  more  was 
recovered  by  concentration,  there  was  ver>'  little  of  value  left  in 
the  tailing.  The  ore  was  crushed  in  the  stamps  to  pass  a  20  mesh 
screen  and  the  average  screen  analysis  of  the  battery  discharge 
was  about  as  follows: 

Screen  %  by  Weight 
+   40  19.5 

+60  23.5 

+  100  25.0 

+  200  18.2 

-200  13.8 

100.0 

That  much  of  the  gold  was  granular  and  coarse  as  shown  by 
the  value  of  the  plate  amalgam  which  ranged  from  $9.00  to  $10.00 
per  ounce.  The  ratio  of  concentration  during  this  period  was 
about  32  into  1.  However,  such  favourable  results  did  not  last 
very  long.  It  was  found  that  the  ratio  of  concentration  contin- 
ually decreased  and  even  by  sorting  out  and  thus  eliminating  from 
the  mill  feed  the  heavily  mineralized  ore,  the  ratio  finally  reached 
15  to  1.  Less  and  less  gold  was  obtained  on  the  plates,  and  a 
large  quantity  of  concentrate  which  evidently  required  special 
treatment,  was  accumulated.  Altogether  the  amalgamation- 
concentration  plant  was  operated  for  fourteen  months,  and  during 
the  last  six  months  the  gold  saved  or  lost  could  be  accounted  for 
as  follows : 

Gold  recovered  by  amalgamation 61.2% 

Gold  in  concentrate 24 . 8% 

Gold  remaining  in  mill  tailing 14.0% 

100.0 
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For  several  moiitlis  before  the  amalgamation-concentration 
process  was  discontinued,  the  tailingvalue  averaged  $1.35  per  ton, 
although  very  careful  attention  was  given  to  the  concentration  of 
the  sulphides  and  the  feed  rate  to  the  tables  was  only  10  tons  per 
24  hours.  The  mill  feed  shortly  before  this  plant  was  shut  down 
contained  about  6.30%  FeSz,  of  which  5.65%  was  saved  in  the 
concentrate.  This  would  indicate  that  roughly  90%  of  the  sul- 
phides were  recovered  by  tabling.  By  hand  panning  and  blanket 
concentration,  very  little  of  the  0.65%  FeSj  in  the  tailing  could  be 
isolated  and  it  was  noted  that  the  -|-  60  and  -1-  80  mesh  particles  of 
gangue  still  contained  small  crystals  of  pyrite.  The  distribution 
of  the  gold  value  in  the  tailing  according  to  the  size  of  the  part- 
icles was  as  follows : 


Screen 

Value  per  Ton 

-F40 

$1.80 

60 

1.20 

100 

1.00 

200 

0.80 

-200 

1.40 

The  gold  value  in  the  concentrate  was  approximately  $40.00 
per  ton. 

Cyanidation  Tests: — The  first  experiments  were  made  on  the 
table  tailing.  A  number  of  leaching  tests  disclosed  the  follow- 
ing: 

Assay  value  of  tailing  before  leaching $1 .  35  per  ton 

Hours  Per  Ton 

Gold  value  extracted  by  cyanidation    1st              24  $0.20 

"       "             "         "               "           2nd            24  0.50 

"       "             "         "               "           3rd             24  0.20 


72  $0.90 

remaining  in  tailing 0 .  45 


Total $1.35 

Leaching  tests  on  the  table  concentrate  were  even  more 
discouraging  although   the  concentrate  was  finer  in  respect  to 
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size  than  the  tailing.     A  screen  test  of  the  concentrate  resulted  as 


follows : 


Grade 

+  30 

40 

60 

100 

100 

-200 


%  by  Weight 
0.5 
3.1 
13.0 
16.0 
34.0 
33.4 


100.0 


Leaching  with  different  strengths  of  solution  up  to  10  lb. 
KCN  per  ton,  resulted  in  not  more  than  30  to  45%  extraction 
even  in  several  days  of  leaching. 

Cyanidation  by  Agitation: — Samples  of  $10.00  ore  were 
ground  to  pass  an  80  mesh  screen  and  the  several  grades  were 
cyanided  by  agitation.     The  results  are  given  in  Table  1. 

Table  1 


Grade 

Time  of 

Gold 

Grade 

Time  of 

Gold 

Agitation 

Dissolved 

Agitation 

Dissolved 

f       8  Hours 

35% 

f         8 

75% 

16       " 

65% 

16 

80% 

+   100 

24       " 

70% 

+200 

\       24 

83%, 

32       " 

80% 

30 

93% 

40       « 

95% 

36 

95  %> 

[    48       " 

96% 

f       8       " 

60% 

f         8 

85% 

+   150 

16       " 
24       " 

80% 
82% 

—200 

16 
24 

90% 

97% 

32       " 

85% 

40 

99.7% 

40       " 

94% 

[     48       « 

96% 

This  table  shows  that  fine  grinding  and  agitation  are  essential 
to  obtain  a  high  gold  recovery  in  a  reasonable  length  of  time.  In 
this  connection,  it  may  be  of  interest  to  remark  that  many  ex- 
periments indicate  that  all  of  the  gold  in  the  McIntyre  ore  is 
soluble  in  a  cyanide  solution,  and  that  this  statement  is  applicable 
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to  the  ores  mined  at  other  properties  in  the  neighbourhood  of  the 
McIntyre  mine.  The  ease  with  which  Mclntye  gold  dissolves  in 
a  cyanide  solution,  can  be  estimated  by  the  results  obtained  in  the 
treatment  of  1000  tons  of  concentrate  which  were  accumulated 
during  the  operation  of  the  plant  already  described.  Of  the 
$40.00  gold  value  per  ton  of  concentrate,  $38.00  was  recovered  by 
grinding  the  concentrate  in  a  pebble  mill,  in  contact  with  a  cyanide 
solution  (strength  5  lb.  KCN  per  ton)  until  all  sulphide  particles 
were  sufificiently  fine  to  pass  a  200  mesh  screen.  The  agitation 
in  the  pebble  mill  only,  was  therefore  sufficient  to  permit  the  ex- 
traction of  nearly  95%  of  the  contained  gold  once  the  particles 
were  reduced  to  the  size  adopted.  It  is  evident  therefore  that 
one  of  the  most  important  factors  to  be  considered  in  the  treat- 
ment ofMcIntyje  and  other  ores  in  the  district  is  the  reduction  of 
the  ore  to  the  finest  size  commercially  profitable.  The  methods 
now  in  use  at  the  McIntyre  mill  to  accomplish  this  and  to  secure 
a  high  gold  recovery  are  as  follows : 

Mill  Practice: — Briefly,  the  reduction  of  the  ore  is  accomplish- 
ed by  means  of  a  coarse  breaker,  rolls,  Hardinge  ball  mills,  and 
pebble  mills  working  in  closed  circuits  with  Dorr  classifiers 
The  coarse  crusher  reduces  the  run  of  mine  to  3-inch  pieces  which 
are  further  reduced  to  a  maximum  of  l|-inch  pieces  by  the  rolls. 
This  product  is  fed  to  the  ball  mills  which  crush  to  10  mesh. 
The  final  reduction  is  made  by  the  pebble  mills,  the  finished  pro- 
duct from  which  contains  only  about  5%  of  +100  mesh  material 
and  80%  of  — 200  mesh  material.  On  account  of  the  relatively 
high  specific  gravity  of  the  sulphides  and  the  operation  of  the 
pebble  mill  in  a  closed  circuit,  it  is  clear  that  practically  all  of  the 
sulphides  will  be  reduced  to  —200  mesh  before  they  can  escape 
I  rom  the  circuit. 

The  tonnage  crushed  by  one  grinding  unit,  (1  ball  mill  and  1 
pebble  mill)  ranges  between  150  and  200  tons  per  24  hours  depend- 
ing on  the  average  size  of  final  product  desired. 

Screen  analyses  of  the  several  feeds,  discharges  and  final 
pulps,  when  crushing  at  the  rate  of  150  or  200  tons  per  24  hours 
will  be  found  in  Table  2.  It  will  be  noted  that  an  increase  of  50 
tons  in  the  feed  rate  very  appreciably  affects  the  character  of  the 
final  pulp. 
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Table  2 


rt    o 

150  Tons  per  24  hr. 

200  Tons  per  24  hr. 

"3 
Ol, 

"3 
Oh 

c 

On    1|"  Ring 

1.8% 

U          1                  (1 

17.0 

u         3                « 
4 

16.7 

■ 

"    i       " 

16.3 

1 
1 

«    1       « 

4 

17.5 

3.3% 

7.3 

On    8  Mesh 

9.6 

9.1 

5.2 

«     10       " 

3.0 

1.44% 

3.97 

6.8 

6.5 

"     20       " 

4.7 

8.65 

9.52 

19.7 

11.6  ; 

"     40       " 

3.9 

21.0 

25.88 

19.2 

16.4 

5.6 

«     60       " 

2.0 

9.54 

5.63 

2.24 

6.5 

12.9 

12.0 

"     80       " 

0.5 

10.64 

26.17 

15.40 

2.6 

4.4 

7.1 

2.5 

"     100     " 

1.3 

4.04 

11.14 

15.02 

5.01 

5.2 

18.0 

22.1 

14.5 

"     200     " 

3.7 

6.80 

9.02 

5.05 

13.06 

4.2 

11.2 

22.1 

16.0 

Through  200     " 

2.0 

37.88 

8.96 

52.10 

81.93 

23.4 

6.5 

31.1 

67.0 

The  average  cost  per  ton  of  ore,  for  crushing,  rolling,  elevat- 
ing, ball  mill  and  tube  mill  grinding,  including  classifying,  for  a 
period  of  8  months,  at  the  rate  of  400  tons  per  24  hours  are  given 
in  the  following  table : 


Labour 

Supplies 

Power 

Machine 
shop 

Total 

Crushing  and  Rolling 

$0.0354 

$0.0182 

$0.0101 

$0.0068 

$0.0705 

Ball  Mills 

0.0248 

0.0697 

0.0447 

0.0090 

0.1482 

Classifiers  and  Tube  Mills 

0.0177 

0.0561 

0.0870 

0.0067 

0.1675 

Total 

0.0779 

0,1440 

0.1416 

0.0225 

0.3862 
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riiroughoLit  the  8  nioiiths,  iIk-  mill  was  not  oiieratcd  at  its 
full  capacity.  Had  this  been  the  case  the  labour  and  power  costs 
would  have  been  reduced  l)y  at  least  eight  cents  per  ton,  for  the 
total  cost  of  labour  and  power  is  practically  a  fixed  quantity. 
The  ball  mill,  especially  in  combination  with  rolls,  has  proved  to 
be  an  excellent  crushing  machine.  Aside  from  such  manifest 
advantages  as  compactness,  noiselessness  in  comparison 
with  stamps,  simplicity  of  operation  and  regulation,  high 
running  time,  the  ball  mill  not  only  delivers  an  appre- 
ciable percentage  of  the  -  200  mesh  material  required  for 
successful  cyanidation,  but  it  also  delivers  the  crushed  material 
in  the  form  of  a  pulp  containing  a  very  small  quantity  of  water. 
The  metallurgical  advantages  which  thus  accrue  will  be  appar- 
ent, when  it  is  remembered  that  it  is  vitally  important  to  reduce 
as  much  of  the  gangue  to  —200  mesh  as  can  be  done  economically 
and  if  possible  all  of  the  pyrite  and  that  the  separation  of  the  fin- 
ished product  is  attained  by  classification.  The  thick  pulp  from 
the  ball  mill  is,  therefore,  of  the  greatest  assistance  in  classification 
since  it  permits  a  low  ratio  of  water  to  solids,  roughly  3  to  1  or 
even  less,  if  necessary  to  secure  such  a  slow  classifier  overflow 
current  as  to  enable  a  +200  mesh  sulphide  particle  to  sink 
with  the  coarser  grains,  and  be  returned  to  the  mill  for  further 
reduction.  The  high  classifier  efficiency  thus  made  possible  is 
apparent  by  studying  the  percentages  of  FeSz  in  the  several 
grades  of  the  final  pulp.  For  instance,  at  a  140  ton  crushing 
rate,  the  percentages  determined  were: 

Grade  %  of  total 

FeS. 
+  100  2.4 

+200  5.4 

+200  92.2 

100.0 
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The  distribution  of  FeSz  in  grinding  at  the  rate  of  175  tons 
per  24  hours  will  be  found  in  the  following  Table  3. 
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To  secure  a  high  extraction,  at  least  90%  of  the  sulphides  in 
the  overflow  should  be  finer  than  200  mesh  in  size.  In  the  near 
future  wider  classifiers  will  be  installed  which  by  decreasing  the 
present  velocity  of  the  classifier  overflow  will  eliminate  oversize 
particles  in  the  finished  product.  The  low  moisture  content  in 
the  grinding  circuit  pulp,  makes  it  possible  to  further  agitate  the 
final  pulp  without  any  intermediate  settling,  if  it  is  profitable 
to  do  so. 

The  two  principal  features  in  the  present  practice  are : 

(1)  Crushing,  grinding  and  at  the  came  time  agitating  the 
ore  in  a  cyanide  solution  (0.6  to  0.75  Ib.NaCNper  ton  of  solution). 

(2)  Recovery  of  the  bulk  of  the  dissolved  gold  by  primary 
thickeners,  the  overflow  from  which  goes  to  the  precipitation 
department,  and  recovery  of  most  of  the  remainder,  by  con- 
tinuous counter  current  decantation. 

The  supplies  used  per  ton  of  ore  treated  are : 

Cyanide 0.35  to  0.45  lb.         Pebbles 4  to  5  lb. 

Lime 2  to  2^  lb.  Steel  balls 0.6  to  0.8  lb. 

Zinc  dust 0.40  to  0.42  lb. 

Total  cost  of  milling  is  approximately  $0.88  per  ton. 

Settling  and  Decantation: — From  77%  to  80%  of  the  dissolved 
values  are  recovered  in  the  solution  from  the  primary  thickener, 
after  which  the  pulp  is  washed  by  means  of  4  counter-current- 
decantation  tanks.  The  5  tanks  treat  the  final  pulp  from  1 
crushing  unit  (1  ball  and  1  pebble  mill).  To  ensure  efficient 
washing  by  the  decantation  plant,  the  tanks  must  be  designed  for 
the  quantity  and  character  of  the  pulp  to  be  settled  and  must  be 
operated  very  carefully.  On  account  of  the  complexity  of  the 
gangue  minerals  in  the  Mclntyre  ore,  experiments  were  made  to 
determine  the  settling  characteristics  of  the  different  classes  of 
rock.  The  results  in  Table  4  show  how  different  the  settling 
characteristic  of  the  sericite  schist  is  from  that  of  the  quartz. 
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Table  4 


Quartz 

Grey  Schist 

Quartz 
Porphyry 

Sericite 
Schist 
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0-C/2.S 

0 

0.0 

75.0 

.0 

0.0 

75.0 

0.0 

75.0 

0.0 

75.0 

2 

4.2 

72.3 

5 

3.4 

72.5 

1.9 

72.7 

1.1 

72.9 

4 

8.4 

71.5 

10 

6.6 

71.8 

3.8 

72.4 

2.3 

72.7 

7 

13.8 

70.1 

15 

9.2 

71.1 

5.8 

71.9 

4.0 

72.3 

10 

19.0 

68.8 

20 

12.0 

70.5 

6.9 

71.7 

5.0 

72.1 

15 

27.7 

66.3 

25 

14.2 

70.0 

8.6 

71.3 

6.1 

71.9 

20 

35.4 

63.0 

35 

18.0 

69.1 

11.5 

70.7 

8.4 

71.4 

30 

49.2 

58.0 

45 

22.7 

67.8 

14.6 

69.9 

10.8 

70.8 

45 

60.0 

52.1 

55 

26.1 

66.8 

17.0 

69.3 

12.3 

70.5 

75 

70.0 

45.0 

65 

29.2 

65.8 

19.2 

68.7 

14.2 

70.0 

110 

75.8 

39.7 

85 

35.0 

63.9 

23.0 

67.7 

17.3 

69.2 

140 

77.3 

38.1 

105 

40.0 

62.0 

26.5 

66.7 

20.0 

68.5 

170 

78.4 

37.0 

125 

45.0 

60.0 

30.0 

65.6 

22.7 

67.8 

200 

79.0 

36.4 

155 

51.1 

57.1 

34.6 

64.0 

26.5 

66.7 

260 

79.6 

35.7 

185 

56.1 

54  5 

38.8 

62.5 

30.0 

65.0 

380 

80.0 

35.3 

215 

60.9  !  51.6 

43.0 

60.8 

33.  1 

64.5 

245 

64.8 

48.9 

47.1 

59.0 

36.9 

63.2 
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71.9 

43.2 

55.7 

54.7 

43.8 

60.5 
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74.2 

41.3 

63.2 
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49.6 

57.8 
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71.7 

43.6 

60.4 

51.9 
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48.7 
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It^will  be  noted  that  whereas  the  quartz  will  settle  to  a  35% 
moisture  pulp  in  3i  hours  the  grey  schist  pulp  in  the  same  time 
will  contain  51%  of  water,  quartz  porphyry  60%  and  the  sericite 
schist  64%  water.  Even  after  18  hours  of  settling,  sericite  schist 
pulp  still  contains  47%  moisture. 

The  thickness  of  the  pulp  discharged  from  a  tank  cannot  be 
regulated  at  wall  by  the  operator  beyond  a  certain  limit.  If  it  is 
attempted  to  discharge  a  pulp  thicker  than  the  critical  or  max- 
imum working  thickness,  and  this  no  doubt  is  governed  by  the 
settling  characteristic  of  any  given  pulp,  it  will  be  found  that  the 
solids  will  soon  make  their  appearance  in  the  overflow.     Figure 

1  discloses  the  conditions  in  a  tank,  11  feet  deep  and  29^  feet 
diameter,  when  in  good  working  order,  as  shown  by  samples 
taken  3  feet  apart  at  each  foot  in  depth. 

It  will  be  noted  that  there  are  practically  4  zones  in  this  tank 
as  follows :  First,  there  is  about  5  feet  of  clear  solution  at  the  top 
of  the  tank,  then  about  1  foot  of  very  light  pulp  containing  about 
2%  colloidal  material,  then  there  are  2  or  3  feet  of  pulp  in  different 
stages  of  settling  and  finally  about  a  foot  of  settling  pulp  over  the 
rakes  which  contains  about  60%  solids  or  40%  moisture.     Figure 

2  shows  a  tank  in  bad  order  since  there  is  only  about  a  foot  of 
clear  solution  at  the  top. 

When  a  thickener  is  working  well,  there  should  be  between  3 
and  4  feet  of  clear  solution  below  the  overflow,  consequently  it 
might  be  inferred  from  the  data  in  Figure  1,  that  the  depth  of  this 
tank  could  be  decreased  by  one  or  two  feet  without  disturbing  the 
settling  operation.  The  expulsion  of  liquid  particles  is  slower  in  a 
deep  than  in  a  shallower  column  of  pulp,  as  can  be  noted  by 
filling  two  graduates  with  identical  samples  of  pulp,  and  inclining 
one  from  its  vertical  position.  It  will  be  observed  (see  Fig.  3) 
that  a  greater  quantity  of  clarified  solution  has  separated  out  in 
the  inclined  than  in  the  upright  graduate,  the  time  of  settlement 
being  the  same  for  both.  The  explanation  of  this  is  that  the  depth 
of  the  pulp  is  less  in  the  inclined  graduate. 

There  is  some  difference  of  opinion  between  mill  operators 
regarding  the  most  efficient  depth  and  diameter  of  thickeners. 
In  support  of  the  result  noted  in  the  little  experiment  just  describ- 
ed, it  might  be  mentioned  that  the  first  thickeners  installed  at  the 
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Fig.  3 


McIntyre  were  11  feet  deep.  The  last  two  units  erected  are  only 
7|  feet  deep  and  they  are  doing  much  better  work  than  the 
deeper  ones. 

While  the  pulp  zones  in  a  thickener  are  horizontal,  to  within 
3  or  4  feet  of  the  centre  of  the  tank,  similar  sized  grades  are  found 
on  lines  downwardly  inclined  from  the  centre  as  shown  by  screen 
tests  of  pulp  samples  taken  in  different  places  in  a  cross-section 
of  a  tank.     The  results  are  given  in  Figure  4. 

This  is  due  to  the  diminishing  velocity  of  the  current  as  it 
approaches  the  overflow  lip. 

The  relative  capacities  of  thickeners  settling  McIntyre  ore 
may  be  guaged  by  the  following  data:  Thickeners,  32  feet  in 
diameter  will  settle  175  tons  of  ore  in  500  tons  of  solution  per 
24  hours  and  yield  a  clear  overflow, whereas  the  tanks,  30  feet  in 
diameter,  will  only  handle  140  to  150  tons  of  the  same  ore  in  the 
form  of  a  similar  pulp. 
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Discussion 

Mr.  John  W.  Bell:  There  is,  undoubtedly,  a  large  amount 
of  interesting  information  concerning  the  milling  practice  in  the 
Porcupine  district  which  has  not,  as  yet,  appeared  in  print,  and 
it  is  to  be  hoped  that  other  operators  in  that  district  will  follow 
Mr.  Dorfman's  most  excellent  example  and  give  us  the  benefit  of 
their  valuable  experience  just  as  Mr.  Dorfman  has  given  us  some 
of  his,  in  the  paper  under  discussion. 

Being  specially  interested  in  problems  in  rock  crushing,  my 
attention  has  been  particularly  directed  to  Mr.  Dorfman's  descrip- 
tion of  the  McIntyre  crushing  plant.  It  is  a  departure  from  the 
older  practice  and  while  as  yet,  the  available  data  is  too  limited  to 
warrant  the  statement  that  the  ball  mill  is  mechanically  more 
efficient  than  the  stamp  mill  it  replaces,  I  am  inclined  to  think 
that  before  long  data  will  be  produced  to  prove  definitely  that  it 
is.  Certainly,  operators  in  the  Porcupine  district  should  spare 
no  effort  in  studying  ways  and  means  for  reducing  the  cost  of 
crushing  their  ores,  since,  by  Mr.  Dorfman's  figures  nearly  half 
of  the  total  cost  of  milling  is  represented  by  this  single  item.  I 
cannot  but  believe  that  much  more  rapid  strides  will  be  made  in 
increasing  the  efficiency  of  crushing  plants,  when  operators  shall 
commence  to  study  the  performance  of  crushing  machines  and 
their  combinations  in  a  way,  at  once  more  scientific  and  definite 
than  has  been  employed  in  the  past.  Now  that  we  can  feel  con- 
fident of  the  practical  accuracy  and  reliability  of  Rittinger's 
theory,  there  is  no  longer  any  reason  for  neglecting  to  make  use  of 
it  and  I  am  confident  that  if  mill  engineers  will  do  this,  it  will  be 
very  helpful  to  them  in  solving  some  of  the  many  problems  they 
are  constantly  confronted  with. 

Quite  recently  I  had  occasion  to  calculate  the  efficiency 
figures  for  a  number  of  ball  and  pebble  mill  tests  by  this  method 
and  perhaps  the  most  striking  feature  brought  to  my  attention 
by  these  calculations,  was  the  relatively  great  inefficiency  of  a 
ball  mill  crushing  a  fine  feed  in  comparison  with  the  efficiency  of  a 
pebble  mill  of  approximately  the  same  size.  Roughly,  the  pebble 
mill  crushing  a  50  mesh  feed  was  mechanically  nearly  twice  as  ef- 
ficient as  a  ball  mill  crushing  a  considerable  coarser  feed  and  had 
the  feed  to  the  two  machines  been  of  the  same  size,  the  comparison 
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would  have  boon  still  favourable  to  the  pebble  mill.  The  reason 
for  this  is  I  think  tjuite  simple  since  the  pebbles  did  almost 
as  much  crushing  as  the  balls  with  an  expenditure  of  about 
half  the  horse  power  required  to  lift  the  balls.  The  point, 
therefore,  that  I  would  like  to  bring  to  the  attention  of  Mr. 
Dorfman  and  other  operators  in  the  Porcupine  district,  is,  that 
while  I  have  no  reason  to  doubt  that  the  ball  mill  will  prove  its 
high  efficiency  when  crushing  the  coarse  feed  formerly  sent  to 
stamps,  I  am  of  the  opinion  that  to  attain  maximum  ball  mill 
efficiency  it  will  be  advisable  to  feed  these  machines  at  such  a 
high  rate  as  to  produce  a  much  coarser  disharge  than  — 10  mesh. 
By  so  doing,  it  is  probable  that  not  only  will  the  efficiency  of  the 
ball  mill  be  increased  but  that  the  efficiency  of  the  secondary 
pebble  mills  will  also  be  increased.  Practical  experience  indicate 
that  the  efficiency  of  a  pebble  mill  is  greatly  affected  by  the  size 
of  the  feed  delivered  to  it,  that  is  if  a  pebble  mill  can  efficiently 
crush  ^-inch  pieces  of  a  given  ore,  its  efficiency  will  be  less  when 
crushing  10  mesh  material  and  still  less  if  crushing  very  small 
grains.  Just  what  maximum  size  of  ball  mill  discharge  or  pebble 
mill  feed,  will  secure  the  highest  all  round  efficiency,  will,  of 
course  depend  on  the  resistance  to  crushing  of  a  given  ore,  but  it 
is  probable  that  the  —  10  mesh  feed  to  the  Mclntyre  pebble  mill, 
could  be  raised  to  j-inch  or  even  a  greater  diameter.  It  might 
therefore  be  profitable  to  make  some  experiments  along  the  lines 
suggested  since  by  making  1  ball  mill  crush  let  us  say  300  tons  of 
the  rolls  product,  and  by  sending  the  ball  mill  discharge  to  2 
secondary  pebble  mill  (150  tons  each),  it  is  at  least  possible  that 
as  much  or  nearly  as  much  grinding  might  be  done  as  it  now 
accomplished  by  2  ball  mills  and  2  pebble  mills.  What  the  out- 
come would  be  in  an  all-sliming  plant  is  by  no  means  certain  but 
it  may  be  worth  investigating.  It  is  probable  that  the  size  and 
design  of  the  ball  mill  would  have  an  important  bearing  in  the 
results  that  would  be  obtained. 


NOTES  CONCERNING  LOCAL  TREATMENT 

FOR  CERTAIN  WEST  KOOTENAY 

SILVER  ORES. 

By  Francis  A.  Thomson, 
Mining  Engineering  Dept.,  State  College,  Pullman,  Wash.,  U.S. A. 

Western  Branch,  Trail  Meeting,  Oct.  1916. 

The  notes  herewith  are  submitted  not  with  any  exaggerated 
idea  of  their  intrinsic  value  but  solely  in  the  hope  that  by  saving 
them  from  the  oblivion  of  a  dusty  file  some  slight  service,  even  if 
of  a  negative  kind,  may  be  rendered.  Nor  is  it  the  desire  of  the 
writer  to  convey  the  impression  that  either  of  the  properties 
mentioned  would  necessarily  justify  the  erection  of  a  treatment 
plant  along  the  lines  indicated  by  the  experiments,  but  it  is  felt 
that  the  results  here  set  forth  may  possibly  stimulate  owners  of 
mining  properties  having  similar  ores  to  investigate  the  advis- 
ability of  local  treatment.  It  is  notable  that  operating  cyanide 
plants  are  extremely  rare  in  British  Columbia,  and  it  is  an  open 
question  whether  such  "a  condition  is  justified. 

Tests  ox  Silver  Glance  Ore. 

The  first  set  of  experiments  here  reported  is  one  made  more 
than  six  years  ago  on  samples  of  ore  from  the  Silver  Glance  mine, 
above  Bear  Lake,  a  station  about  20  miles  from  Kaslo,  British 
Columbia,  on  the  Kaslo  &  Slocan  railway.  The  ore  in  this  and 
adjacent  properties  is  what  is  known  as  a  'dry'  silver  ore,  that  is, 
one  having  insufficient  lead  or  copper  to  collect  its  own  gold  or 
silver  should  it  be  smelted  with  suitable  flux. 

An  analysis  of  the  sample  used  for  the  treatment  tests 
showed : 

SiOa 96. 1  per  cent. 

AUO3 2.3 

FeA 1.4         I' 

Moisture 1.1 

Total 100.9 

Silver 18.4  oz. 

Gold 0.02  oz. 

(110) 


Loc.\i,  Tki:atmi:nt  Ckriain  Silvkr  Ores — Thomson     111 

From  the  dendritic  markings  the  presence  of  manganese  was 
presumed  but  the  amount  was  too  small  to  appear  on  general 
analysis. 

The  silver  occurred  mainly  as  cerargyrite  (silver  chloride) 
and  argentite  (silver  sulphide).  It  was  thought  that  such  an  ore 
would  prove  readily  amenable  to  cyanide  treatment,  since  both 
cerargyrite  and  argentite  are  easily  soluble  in  cyanide  solutions. 

Results  on  small  scale  tests  were  as  noted  below: 

Head  Assay — 18.4  oz.  Ag. 


Comminution  Agitation 
Time. 

Hours 

Solution 
Strength. 

Per  cent. 

I.ime 

16  lb.  per 

ton. 

Tailing 

Assay. 

Oz. 

Extraction 
Per  cent. 

100 

8 

0.25 

5 

14.4 

21.8 

100 

8 

0.25 

10 

15.1 

17.9 

100 

8 

0.25 

15 

12.1 

34.2 

100 

8 

0.25 

20 

12.0 

34.8 

100 

8 

0.50 

10 

11.0 

40.3 

100 

8 

0.50 

20 

10.0 

45.7 

100 

8 

0.75 

20 

10.2 

44.5 

100 

24 

0.75 

20 

9.0 

50.5 

100 

8 

1.00 

20 

9.0 

50.0 

100 

24 

1.00 

20 

7.2 

61.0 

150 

16 

0.50 

10 

7.4 

59.8 

150 

16 

0.50 

20 

5.3 

71.2 

200 

16 

0.50 

10 

7.6 

58.7 

200 

16 

0.50 

20 

6.1 

66.9 

200 

24 

0.50 

20 

5.8 

68.5 

200 

16 

0.501 

15 

4.2 

77.2 

200 

16 

0.502 

10 

2.1 

88.5 

200 

16 

0.502 

20 

1.6 

91.5 

1  Lead  Acetate  added  in  proportion  of  0.35  per  cent. 
2 Litharge  added  in  proportion  of  0.25  per  cent. 


Confirmation  tests  on  10-lb.  lots  of  ore  were  run  on   the 
basis  of  the  preceding  with  the  following  results : 

Conditions:      Head   assay,    19.1    oz. :      Comminution   91% 
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through    200   mesh;   Cyanide   solution,    0.50%  KCy;  Lime,  in 
proportion  of  20  lb.  per  ton. 

Agitation  Cyanide  Extraction 

Time.  Consumption.  Recovery.  Additional  reagents. 

Hours.  Lb.  Per  cent.  Per  cent. 

16  1.8  72.4  None 

24  2.1  74.1  None 

16  1.6  80 . 9  Lead  acetate  0.4%  of  ore 

24  1.4  84 . 3  Lead  acetate  0.4%  of  ore 

16  1.5  89.5  Litharge  0.3%;  of  ore 

24  1.6  93.1  "         0.3%  of  ore 

Concentration  experiments  proved  futile  as  expected,  since 
there  were  practically  no  sulphides  present  except  the  silver. 
For  the  same  reason  it  is  not  thought  that  flotation  would  be 
applicable  to  such  ores  as  this.  However,  it  is  evident  that  a 
satisfactory  extraction  may  be  expected  by  straight  cyanide 
treatment,  and  without  an  undue  consumption  of  cyanide. 

If  such  an  ore  as  this  were  available  in  sufficient  quantity 
to  justify  a  treatment  plant  having  a  capacity  of  100  tons  a  day, 
I  believe  that,  by  careful  management,  a  cost  of  $2.50  a  ton  could 
be  attained. 

Tests  on  Silver  Hoard  Ore. 

The  sample  submitted  consisted  of  500  lb.  of  unoxidized  ore 
taken  from  the  50-ft.  crosscut,  east  of  the  high-grade  shoot. 
The  visible  minerals  were:  Pyrite,  (iron  bisulphide),  blende 
(zinc  sulphide),  and  galena  (lead  sulphide)  contained  in  a  gangue 
of  calcite,  dolomite,  and  some  siliceous  schist. 
An  analysis  of  the  ore  resulted  as  follows: 

SiOa 28 .  41  per  cent. 

AlA 12.24 

MgO 2.32 

CaO 12.55 

Fe 8.74 

Zn 12.50         '* 

Pb 0.50 

S 11.20 

Ag 25.2     oz.  per  ton 

Au 0.015  oz.  per  ton 

Unaccounted  for,  carbon  dioxide  (Co,)  and  water. 
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To  detemiiiie  the  locus  of  the  silver  in  the  ore,  the  various 
visible  minerals  were  carefully  segregated  and  the  segregate 
products  separately  assayed.     The  results  were  as  follows: 

General  sample 25.  2  oz.  silver  per  ton 

Segregated  blende 10.0"         "       "       " 

Segregated  pyrite 46. 5  "         "       "       " 

Segregated  galena 46. 5  "         "       "       " 

Calcite  (showing  native  silver) 101.4  "         "       "       " 

From  this  it  will  be  seen  that  quantitatively  the  pyrite  and 
the  calcite  are  the  important  sources  of  silver,  since  the  blende 
is  low  in  silver  and  the  galena  small  in  amount. 

Three  methods  of  local  treatment  are  possible,  namely, 
amalgamation,  concentration,  and  cyanidation,  either  singly 
or  in  combination  wath  each  other. 

The  recovery  of  silver  from  its  ores  by  amalgamation  is  a 
process  rapidly  passing  into  disuse ;  it  was  thought  best,  however, 
in  view  of  the  large  amount  of  native  silver  in  this  ore,  to  see 
what  could  be  done. 

The  results  are  shown  below: 

Amalgamation  of  raw  ore. 
Head  assay  25.2  oz.  silver. 


Method  of  Treatment 

Crushing  with  mercury  in  stamp 
battery,  followed  by  apron 
plates;  40-mesh  screen  used. .  .  . 


Tailing 
Assay. 


Recovery 


15.6  oz.       38.1   percent. 


Previously  crushed  to  40-mesh 
and  then  allowed  to  flow  once 
over  amalgamation  plates 25 .  2  oz. 


nil. 


Previously  crushed  to  40-mesh 
and  then  allowed  to  flow  three 
times  over  amalgamation  plates. 


24. 1  oz.         4.3   percent. 


114     Local  Treatment  Certain  Silver  Ores — Thomson 


Previously  crushed  to  40-mesh 
and  then  allowed  to  flow  five 
times  over  amalgamation  plates. 

Bottle  test,  ore  crushed  to  40- 
mesh  and  agitated  two  hours 
with  mercury 


23.6  oz.      6.3   percent. 


23.4  oz.      7.1   per  cent. 


After  a  series  of  small-scale  tests  to  determine  the  most 
desirable  conditions,  a  sample  of  100  lb.  was  crushed  to  20  mesh 
in  the  rolls  and  used  as  'natural  feed,'  that  is,  unsized  and 
unclassified,  to  a  6-ft.    Wilfley  table.  The  results  were  as  follows: 

Weight         Lead  Iron  Zinc  Silver 

Product.  Lb.  Per  cent.     Per  cent.     Per  cent.         Oz. 

Concentrate 1.8  17.2  8.3  9.8  161.5 

Middling.' 39.3  0.1  11.7  18.8  40.6 

Tailing 41.1  0.0  5.6  3.4  9.1 

Slime 18.8  0.5  7.3  5.3  14.0 

To  test  the  adaptability  of  this  ore  to  cyanidation,  samples 
of  10  lb.  each,  were  prepared  and,  after  preliminary  tests  to 
determine  solution  strength  and  lime  requirement,  were  tested 
with  the  results  shown  below. 

Cyanidation  of  Raw  Ore 

Head  Assay  25.2  oz.  Ag. 
Solution  0.5%  KCy  Lime  5  lb.  per  ton. 


Comminution         Hours 
of  Ore.  Agitation. 


Cyanide  Tailing 

Consumption.      Assay. 


100  mesh      24 

100   ' 

36 

120   ' 

24 

120   ' 

36 

150   ' 

18 

150   ' 

24 

200   ' 

18 

200   ' 

24 

3.0  1b. 
3.0  " 

3.0  " 

3.1  " 
2.8  " 
3.0  " 
2.5  " 
3.4  " 


3.5  oz. 

2.9 

2.8 

2.8 

2.3 

1.9 

1.6 

1.2 


Extraction 

86.1  Per  cent. 
88.5     " 
88.7     " 

88.7  " 

90.8  " 

92.5  " 

93.6  " 

95.2  " 


I 
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An  appro.xiniate  screen  analysis  of  each  of  the  products 
cvanidcd  was  as  follows: — 


Product 

-100+120 

-120+150 

-150+200             -200 

100  mesh 

16.6 

8.3 

8.3       66 . 6  Per  cent, 

120      " 

8.3 

16.6       75.0     " 

150      " 

12.5       87.5     " 

200      " 

....      100.0     " 

Cyanidation  of  Tailing  from  Amalgamation 

Head  Assay  15.2  oz.  Ag. 

Solution  0.5  per  cent  KCy  Lime  5  lb.  per  ton. 

All  crushed  to  pass  150  mesh. 

Hours  Agitation  Cons^mlStLii  Tailing  Assay  Extraction 

18  3.1  lb.  1.6  oz.  89  per   cent. 

Cyanidation  of  Tailing  from  Concentration. 
Head  Assay  9.1  oz.  Ag. 
Solution  0.5  KCy  Lime  5  lb.  per  ton. 

All  crushed  to  pass  150  mesh. 

Hours  Agitation  ^  Cyanide 

*'  Consumption 

18  1.2  1b. 

24  1.8    " 

48  2.0    " 

Deductions  from  Tests. 

From  the  preceding  tests  the  following  deductions  may  be 
drawn : 

L  Amalgamation,  while  yielding  a  reasonable  recovery 
under  the  best  conditions,  is  dependent  for  its  success  upon  the 
silver  occurring  in  the  native  form,  and  since  this  is  probably  of 
secondary  origin,  I  would  not  consider  its  continuance  to  deep 
levels  as  likely;  hence  I  believe  that  amalgamation  may  well 
be  omitted  from  any  plans  for  treatment  of  this  ore. 


Tailing  Assay 

Extraction 

0.5  oz. 

94 . 4     per  cent. 

0.3   " 

96.7       "       " 

0.1    " 

98.9       "       " 
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II.  Concentration,  while  perhaps  not  an  essential  feature  in 
the  treatment  of  such  ore  as  described,  will  certainly  become 
necessary  in  the  treatment  of  the  ore  from  greater  depths.  That 
it  is  feasible  is  demonstrated  by  the  test  reported  herewith,  the 
results  of  which  show  that  with  more  refined  methods  a  reason- 
ably good  recovery  by  concentration  may  be  expected.' 

As  to  the  desirability  of  concentration  in  preference  to  direct 
cyanidation,  this  will  depend  upon  two  main  factors — 

(1)  The  changes  in  the  character  of  the  ore  as  depth  is 
gained ;  and  (2)  the  condition  of  the  market  for  zinc  concentrate. 
Summarizing  it  may  be  said  that  while  concentration  is  feasible, 
it  may  or  may  not  be  desirable. 

III.  Cyanidation.  As  has  proved  to  be  the  case  in  Mexico 
and  Nevada,  the  silver  ores  of  Ainsworth  camp  are  evidently 
amenable  to  cyanidation.  Strong  solutions  0.5  KCy,  (10  lb.  to 
the  ton)  are  probably  necessary  and  the  cyanide  consumption  on 
raw  ore  is  high ;  this  would  probably  be  less  under  mill  conditions 
than  my  laboratory  tests  would  indicate.  Reasonably  fine 
grinding  from  120  to  150  mesh  is  apparently  necessary. 

An  'interesting  feature  of  the  tests  is  the  extremely  high 
recovery  yielding  by  combined  concentration  and  cyanidation, 
(99.6  per  cent)  with,  it  will  be  noted,  a  marked  decrease  in 
cyanide  consumption.  The  cost  of  treating  such  an  ore  as  this 
would  be  higher  than  for  a  simple  ore  such  as  that  of  the  Silver 
Glance  mine. 

Probably  $3  to  $3.50  per  ton  would  be  a  reasonable  cost 
figure,  including  concentration  but  excluding  treatment  of  the 
concentrates. 

Conclusion 

In  conclusion  it  is  evident  that,  did  conditions  warrant,  both 
of  the  ores  here  discussed  might  be  treated  at  the  mine  instead 
of  being  shipped  to  the  smeltery;  as  to  whether  such  would  be 
advisable  is  of  course  another  question. 

Reference  has  been  made  earlier  to  the  rarity  of  cyanide 
plants  in  British  Columbia  and,  in  fact  one  might  add,  of  all 

^Written  more  than  three  years  ago.     It  is  possible  that  '^flotation 
might  raise  concentration  recovery  to  a  point  rivalling  that  by  cyanidation. 
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metallurgical  plants  designed  for  final  extraction,  aside  from  the 
Four  or  five  large  smelting  works. 

So  far  as  the  Kootenay  districts  are  concerned,  this  is 
doubtless  to  be  explained  in  part,  at  least,  by  the  favourable 
freight  and  smelting  rates  granted  by  the  Canadian  Pacific 
Railway  and  the  Consolidated  Mining  and  Smelting  Co.,  and 
by  the  encouragement  thereby  given  to  the  smaller  operators  to 
ship  their  ore  rather  than  to  treat  it  at  or  near  the  mine. 

Such  a  condition  is  vastly  to  be  preferrred  to  that  so  common 
in  the  western  United  States  where  apparently  the  erection  of  a 
local  treatment  plant  was  the  first  thing  to  be  decided  upon, 
leaving  for  subsequent  consideration  the  questions  of  suitability 
of  process  and  adequacy  of  ore  supply.  At  the  same  time,  as  the 
mineral  resources  of  the  province  are  developed,  it  will  doubtless 
come  to  be  recognized  that  the  most  favourable  freight  and 
smelting  rates  cannot,  in  the  case  of  ores  in  which  gold  and  silver 
are  the  predominantly  valuable  constituents,  unless  these  ores 
are  unusually  refractory,  compete  with  standard  processes  such 
as  amalgamation  and  cyanidation  aided  by  concentration. 

Lest  I  be  misunderstood  in  this  matter,  however,  let  me  say 
in  conclusion  that  in  no  case  would  I  recommend  the  erection  of  a 
local  treatment  plant  until  there  is  positively  blocked  out  in  the 
mine  and  on  the  dumps,  ore  sufficient  to  keep  the  contemplated 
plant  in  operation  for  at  least  one  full  year,  and  this  would  mean 
a  concomitant  amount  of  'probable'  and  'possible'  ore  in  the  mine. 


NOTES  ON  THE  HIGHLAND  VALLEY  MINE  AND  MILL, 
NEAR  ASHCROFT,  B.C. 

By  Frederic  Keffer 

The  mining  claims  now  being  developed  and  worked  by 
the  Highland  Valley  Mining  &  Development  Company  are 
situated  about  25  miles  southeasterly  from  the  town  of 
Ashcroft.  The  distance  by  waggon  road  is  30  miles.  The 
elevation  is  5500  feet  above  sea  level ;  and,  although  within  the 
dry  belt  of  British  Columbia,  at  this  altitude  there  is  much  snow 
and  severe  weather  during  the  winter. 

The  main  ore  body,  so  far  as  explored,  lies  along  the  north 
contact  of  a  coarse-grain  granite,  containing  much  biotite  (the 
prevailing  country  rock  of  the  district)  and  a  broad  belt  of  quartz- 
feldspar,  almost  porphyritic  in  its  general  appearance.  The 
strike  is  easterly  and  the  dip  about  80°  to  the  south.  A  branch 
of  the  vein  extends  toward  the  southeast  following  a  narrow  and 
very  much  altered  dike  of  basic  composition.  This  dike  lies 
within  the  quartz-feldspar;  and  on  both  sides  of  the  dike  are 
orebodies,  the  dike  itself  being  fairly  well  mineralized. 

The  main  economic  mineral  of  the  ore  is  copper,  occurring 
as  chalcopyrite ;  small  quantities  of  gold  and  silver  are  also 
present,  particularly  in  those  localities  where  the  ore  contains 
abundant  quartz.  For  the  most  part,  the  gangue  of  the  vein  is 
micaceous,  in  which  muscovite  predominates,  while  biotite  is 
also  present.  Considerable  quantities  of  iron  (as  hematite)  and 
lesser  amounts  of  quartz  and  feldspar  are  also  found  in  the  gangue. 
The  mineralization  along  the  contact  is  chiefly  within  the  quartz- 
feldspar.  The  ore  is  rather  remarkable  in  that  it  contains  practi- 
cally no  metallic  sulphides  other  than  chalcopyrite,  so  that,  when 
milling,  the  table  concentrate  contains  chalcopyrite  and  hematite, 
whilst  the  flotation  concentrate  contains  little  save  the  copper 
sulphide  and  more  or  less  micaceous  gangue. 

The  vein  outcrops  at  intervals  for  a  distance  of  660  feet; 
to  date  it  has  been  followed  underground  400  feet.  In  this 
distance  several  minor  faults  have  been  encountered.  The 
\'ein  varies  from  3  feet  to  17  or  18  feet  in  width,  the  average  width 

(118) 
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along  the  main  adit  tunnel  being  about  7  feet.  The  copper  con- 
tents of  the  vein  are  about  5%  but  the  ore,  as  mined  and  sent  to 
the  mill,  assays  from  3^4  to  4j%  of  metallic  copper;  the  lower 
value  is  due  to  greater  or  lesser  inclusions  of  wall  rock  in  the  milled 
ore.  Surface  erosion  seems  to  have  stopped  at  the  point  where 
the  vein  was  narrowest,  for  everywhere  the  vein  has  widened 
with  depth.  No  material  difference  had  been  noted  between  the 
grade  of  the  ore  of  the  tunnel  level  and  that  of  the  surface.  At 
present  all  mining  is  by  hand.  The  ore  is  conveyed  to  the  mill, 
1000  feet  distant,  by  a  rope  tramway  actuated  by  gravity. 

The  fact  that  practically  the  only  metallic  sulphide  present 
is  chalcopyrite  and  that  this  is  contained  in  soft  micaceous 
gangue,  has  made  the  milling  of  the  ore  a  comparatively  simple 
problem.  The  ore  is  automatically  dumped  from  the  tramway 
cars  into  the  mill  bin,  which  has  a  capacity  of  300  tons.  From 
this  bin  it  is  fed  into  a  Blake  crusher,  having  a  9  ins.  x  16  ins. 
jeiw  opening,  which  reduces  the  ore  to  Ij  in.  size.  The  ore 
then  passes  through  a  set  of  12  ins.  x  30  ins.  rolls,  to  an  elevator, 
which  delivers  into  a  trommel  screen  of  3-miIlimeter  mesh,  the 
oversize  being  returned  to  the  rolls.  The  undersize  from  the 
screen  drops  into  a  fine  ore  bin  of  70  tons  capacity,  from  which 
it  is  fed  to  a  6  ft.  x  22  ins.  Hardinge  pebble  mill.  The  oversize 
from  Hardinge  is  returned  to  the  feed  end,  by  a  belt  drag  classifier. 
From  the  Hardinge  mill  the  ore  goes  directly  to  a  pair  of  Butchart 
tables,  only  one  of  which,  however,  is  used  at  a  time. 

When  the  mill  was  first  started  the  slime  was  removed 
from  the  discharge  of  the  Hardinge  mill  by  an  Anaconda  deslimer, 
but  experience  showed  this  to  be  entirely  unnecessary,  as  the 
Butchart  tables  did  as  good  work  on  unclassified  ore  directly 
from  the  Hardinge  mill  as  they  did  when  the  slime  was  removed. 

The  copper  mineral  extracted  on  the  tables  amounts  to 
between  40%  and  50%  of  the  total  copper  contents  of  the  ore, 
the  greater  part  of  the  remaining  copper  being  contained  in  the 
slime  and  very  fine  sands.  This  is,  undoubtedly,  due  to  the 
fliable  condition  of  the  chalcopyrite  as  it  occurs  in  the  ore. 

The  tailing  from  the  tables  goes  to  a  'Minerals  Separation' 
type  of  flotation  machine,  made  up  of  10  cells  each  18  ins.  square, 
the  first  four  of  which  are  provided  with  spitzkastens.     The 
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table  tailings  enter  No.  5  cell  and  pass  on  to  No.  10,  from  which 
the  final  tailing  pass  to  the  waste  dump.  The  collected  froth 
from  these  six  cells  goes  to  an  elevator  that  discharges  into  No.  1 
cell,  and  is  cleaned  in  cells  1  to  4,  the  froth  being  removed  from 
the  spitzkastens  by  mechanical  skimmers. 

From  the  spitzkastens  the  froth  passes  into  a  well,  from 
which  it  is  pumped  into  a  settling  tank  and,  after  thickening,  is 
run  to  an  Oliver  filter.  The  product  from  the  filter  is  dried  and 
sacked  for  shipment. 

The  total  extraction  ranges  from  85%  to  94%,  depending 
somewhat  on  rate  of  feed  to  the  Hardinge  mill.  With  very  finely 
ground  ore  there  is  a  higher  extraction  in  the  flotation  machine, 
but,  as  very  fine  grinding  involves  increased  cost  and  decreased 
output,  there  is  a  point,  betvveen  finer  grinding  and  coarser 
grinding  with  increased  output,  at  which  the  greatest  profit  is 
obtainable,  which  point  seems  to  be  in  the  neighborhood  of  91% 
or  92%  extraction. 

Numerous  varieties  of  oils  have  been  tested  in  the  flotation 
plant,  and  to  the  present  time  the  best  general  mixture  has 
proved  to  be  stove  oil,  fuel  oil  and  North  Carolina  tar  (Stockholm 
tar).  Stove  oil,  pine  oil  and  a  very  little  turpentine  also  make 
an  effective  mix.  Addition  of  sulphuric  acid  does  not  appear  to 
aid  extraction  to  any  noteworthy  extent. 

Flotation  concentrates  carry  between  20%  and  30%  copper, 
the  chief  impurity  in  the  product  is  very  small  scales  of  mica 
which  have  more  or  less  tendency  to  float  along  with  the  copper 
sulphides. 

The  entire  flotation  machine  has  been  in  operation  only  a 
short  time  and  there  is,  of  course,  still  much  trying  and  fitting 
to  be  done  in  order  to  reach  a  point  where  a  maximum  grade  of 
product,  together  with  minimum  tailing  loss  and  minimum  oil 
consumption,  may  be  had. 

The  power  used  in  the  mill  is  steam  and  the  fuel  is  cordwood. 
During  the  winter  season  water  is  pumped  from  a  small  lake 
below  the  mill  by  an  electrically-driven  pump;  in  the  summer 
season  it  is  mainly  supplied  by  a  small  creek  flowing  a  short 
distance  from  the  mill. 
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THE    CONCENTRATION    AND     MARKETING    OF 
CANADIAN  MOLYBDENITE. 

By  H.  H.  Claudet. 

Annual  Meeting,  Montreal,  March,  1917. 

The  pioneer  work  on  the  concentration  of  molybdenite  ores 
in  Canada  was  initiated  by  Henry  E.  Wood,  who  several  years 
ago  treated  numerous  small  shipments  from  British  Columbia 
in  his  flotation  machine  at  his  testing  plant  in  Denver,  Colo. 
These  shipments  were  increased  to  a  commercial  basis  during 
1915-1916,  and  up  to  the  present  time  the  main  production  of 
molybdenite  in  Canada  has  been  won  by  the  film-flotation 
method  either  on  the  Wood  machine  or  by  employing  modi- 
fications of  the  same  principle  such  as  in  the  designs  developed 
at  the  Dominion  ore-testing  plant  at  Ottawa,  and  also  at  the 
mill  at  Renfrew,  Ont.,  built  by  the  International  Molybdenum 
Company. 

Modern  methods  for  the  treatment  of  molybdenite  other 
than  film-flotation  are  confined  to  oil  flotation  which,  although 
not  yet  established  in  Canada  to  the  same  extent,  has  been  and 
is  being  successfully  applied  to  molybdenite  in  different  parts 
of  the  world.  Water  concentration  can  hardly  be  recognized 
as  an  efficient  method  in  itself,  although  it  was  formerly  used; 
but  the  extreme  softness  of  this  mineral  causes  the  losses  by 
attrition  to  be  excessive  and  the  thin  flakes  and  fine  mineral 
float  away  in  the  tailing.  Dry  methods  of  separating  by  a 
system  of  screening  can  neither  be  regarded  as  efficient  except 
perhaps  in  isolated  cases. 

Most  of  the  molybdenite  ores  at  present  of  commercial 
importance  in  Canada  contain  quite  a  high  percentage  of  iron 
in  the  form  of  pyrite  and  pyrrhotite  and  also  mica;  but  they 
seem  to  be  sufficiently  free  from  such  minerals  as  bismuth, 
nickel,  or  wolfram  not  to  require  any  consideration  for  the  separa- 
tion and  recovery  of  these  minerals  as  is  sometimes  the  case  in 
other  parts  of  the  world  as,  for  example,  in  Australia.  To  this 
extent,     Canadian     molybdenite    ores,    containing     only    one 
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economic,  present  a  fairly  simple  problem  and  as  future  practice 
tends  towards  the  smelting  of  a  much  lower  grade  than  formerly 
the  mill  work  should  be  further  simplified  thereby.  It  is  clear 
that  the  efficiency  of  a  concentrator  will  be  much  more  easily 
attained  if  the  concentrate  required  is  onl)^  forty  per  cent  to  fifty 
per  cent  M0S2  instead  of  ninety  per  cent.  There  seems  to  be 
no  scientific  reason  why  good  practice  in  smelting  molybdenite 
should  not  obtain  with  the  former  figure,  as  the  only  advantage 
in  having  a  high  grade  product  to  treat  in  the  electric  furnace 
for  the  production  of  ferro-molybdenum  is  that  there  is  less 
gangue  matter  present  and  therefore  less  slag  to  be  taken  care 
of.  But  as  iron  is  required  as  a  flux,  the  presence  of  pyrite 
or  pyrrhotite,  which  with  the  prevailing  ores  would  be  the 
principal  concomitant  in  a  lower  grade  molybdenite  concen- 
trate, would  be  acceptable  up  to  a  point.  To  offset  the  dis- 
advantages of  extra  freight  on  transportation  of  concentrate 
and  increased  furnace  costs  when  viewing  the  smelting  of  a 
forty  per  cent  to  fifty  per  cent  M0S2  product  as  compared  with  a 
ninety  per  cent  product,  there  would  be:  (1)  A  simpler  design 
of  mill;  (2)  a  more  easily  operated  mill,  and,  (3)  a  higher  per- 
centage of  values  recovered.  The  balance  easily  seems  to  be 
in  favour  of  the  lower  grade  concentrate.  I  am  told  on  good 
authority  that  it  is  not  at  all  improbable  that  in  the  near  future 
the  lower  grade  concentrate  will  entirely  supplant  the  very 
high  class  material.  On  the  face  of  this  it  is  interesting  to 
note  that  the  requirements  of  the  consumer  appear  to  be  a  mat- 
ter of  geography.  In  France  they  demand  over  ninety  per 
cent  M0S2,  while  official  enquiries  from  England  are  for  ma- 
terial of  eighty-five  per  cent  or  better — although  English  con- 
sumers have  frequently  been  satisfied  to  take  anything  over 
seventy  per  cent — and  there  is  no  difficulty  in  marketing  ma- 
terial as  low  as  sixty  per  cent  M0S2  in  this  country. 

The  system  of  concentration  of  any  ores  depends  to  some 
extent  on  the  smelting  practice  which  follows,  and  as  this  de- 
velops and  becomes  more  efficient  the  milling  is  adapted  to 
suit.  In  some  instances  low  grade  base  metal  ores,  difficult  to 
concentrate,  but  formerly  regarded  as  requiring  concentration 
prior  to  smelting,  are  now  profitably  treated  by  direct  smelting, 
illustrating    the    entire    elimination    of    concentration    due    to 
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improvements  in  the  smelting  process.  In  considering  a  com- 
paratively new  industry  such  as  the  treatment  of  molybdenite 
we  must  be  prepared  for  modifications  and  changes  on  sin>ilar 
lines,  and  it  requires  no  great  stretch  of  imagination  to  expect 
that  "the  ferro-molybdenum  of  the  future  will  be  made  from 
concentrates  as  low  as  thirty  per  cent  to  forty  per  cent  M0S2," 
which  is  the  opinion  of  an  engineer  well  conversant  with  the 
subject. 

It  may  be  that  the  demand  still  existing  for  ninety  per 
cent  concentrate,  or  over  in  some  cases,  is  based  on  the  idea 
that  the  more  molybdenite  present  the  less  room  for  material 
of  an  undesirable  nature. 

I  have  dealt  rather  fully  with  this  question  of  wide  range 
of  preference  in  grade  in  the  hope  that  it  will  be  discussed  by 
metallurgists  closely  associated  with  the  smelting  of  ferro- 
molybdenum,  who  can  favour  us  with  direct  and  reliable  in- 
formation on  the  subject,  and  at  the  same  time  I  trust  that 
we  may  learn  what  constitutes  undesirable  ingredients  in  a 
molybdenite  furnace  charge.  Some  time  ago  the  writer  started 
to  make  note  of  the  opinions  of  various  authorities  as  to  unde- 
sirable substances,  but,  as  nearly  every  known  element  was 
included  in  the  aggregate,  the  reliability  of  at  least  some  of 
the  authorities  seemed  dubious. 

Relating  to  the  different  methods  of  concentration  it  is  too 
soon  to  make  any  reliable  comparisons,  and  in  any  case  each 
method  will  probably  find  special  application  to  certain  ores 
and  conditions.  Only  a  general  reference  to  the  processes  will 
be  made,  as  there  are  now  standard  works  describing  in  detail 
all  the  different  methods  with  their  machinery.  It  should 
be  stated  that  the  presence  of  chalcopyrite  in  the  ore  to  any 
extent  would  be  a  detrimerit  to  all  the  methods,  but  fortunately 
most  of  the  molybdenite  deposits  now  being  exploited  are 
practically  free  from  copper.  An  excess  of  slime  is  also  unde- 
sirable; consequently  the  crushing  operations  should  be  arranged 
to  give  as  little  sliming  as  possible,  whatever  treatment  is  em- 
ployed. 

The  film-flotation  system  now  extensively  in  use  and  well 
established  as  an  eflficient  method  requires  the  ore  to  be  dried 
in  order  to  slightly  oxidize  the  iron  pyrite  and  other  pyrites 
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without  affecting  the  molybdenite.  This  is  rather  a  disadvan- 
tage as  a  dry  crushing  mill  presents  undesirable  features  com- 
pared with  ordinary  wet  crushing.  This  method  depends  on 
the  surface  tension  of  the  water,  the  dry  molybdenite  floating 
on  the  surface  forms  a  tenacious  film  while  the  gangue  and 
oxidized  sulphides  are  more  easily  wetted  and  sink.  The  usual 
practise  is  to  crush  the  ore  to  twenty  or  thirty  mesh,  and  this 
operation  on  the  dry  material  produces  considerable  dust  which 
has  to  be  collected  and  is  probably  untreatable,  although  it 
is  customary  to  put  this  impalpable  powder  into  the  flotation 
machines.  It  is  advisable  to  use  a  Wilfley  table  to  retreat  the 
tailing  after  flotation  in  order  to  catch  the  larger  pieces  of 
molybdenite  which  sink  owing  to  their  being  rounded.  The 
machines  are  simple  and  take  up  very  little  room  and  are  cheap 
and  easy  to  make  and  install.  It  is  necessary  to  retreat  the 
products  in  order  to  get  clean  concentrates,  but  separate  units, 
each  having  a  capacity  of  about  six  tons  per  twenty-four  hours, 
can  be  arranged  conveniently  in  a  mill  without  taking  up  much 
floor  space. 

The  Elmore  vacuum  process  has  so  far  been  applied  more 
extensively  than  any  other  oil  flotation  method  to  molybdenite 
ores,  has  been  producing  molybdenite  in  Norway  for  several 
years,  and,  in  1916,  was  installed  at  a  molybdenite  property  in 
Canada.  No  sizing,  no  drying  of  the  ore,  and  no  retreatment 
is  necessary  under  usual  conditions,  the  preferential  flotation 
being  obtained  by  crushing  the  ore  wet  to  about  ten  or  twenty 
mesh  and  mixing  the  pulp  with  a  very  small  quantity  of  coal 
oil  or  other  light  oil  which  coats  the  molybdenite  but,  not  the 
other  sulphides,  and  in  this  way  the  molybdenite  separates  from 
the  pyrite,  pyrrhotite,  and  also  the  mica.  A  settling  tank  is 
used  to  thicken  the  pulp  and  to  overflow  any  slimes  that  may 
be  deleterious  and  which  usually  contain  between  1%  and  2% 
of  the  total  values.  One  unit  will  treat  about  thirty-five  tons 
in  tv\'enty-four  hours  efficiently,  and  when  everything  is  properly 
adjusted  only  two  products  are  made,  namely,  a  high-grade 
concentrate  and  a  low-grade  tailing.  The  drawback  to  this 
method  is  that  there  is  more  machinery  to  it  and  it  is  of  a  bulkier 
nature  than  the  film-flotation  plant,  the  installation  requiring 
a  high  building;  but  this  .concerns  the  construction  work  more 
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than  tlie  operating,  while  the  advantages  as  compared  with  a 
mill  of  tiie  film-flotation  type  are: — (1)  wet  crushing  instead  of 
dry;  (2)  no  furnace  and  no  fuel  required  for  drying  the  ore; 
(3)  a  marketable  concentrate  obtained  in  one  treatment;  (4)  no 
sizing. 

Other  flotation  methods  such  as  Minerals  Separation  and 
Callow  do  not  yet  seem  to  have  been  est^iblished  in  Canada  for 
the  treatment  of  molybdenite,  although  I  understand  Mineral 
Separation  plants  are  now  operating  on  molybdenite  in  Norway 
and  Australia,  and  will  be  employed  shortly  in  Canada.  Of 
the  oil  flotation  processes  usually  it  has  been  held  that  the 
Elmore  process  was  more  suited  to  the  concentration  of  molyb- 
denite ores  than  the  others,  but  it  is  possible  that  certain  ores 
will  favour  certain  methods. 

A  description  of  the  film-flotation  plant  now  in  use  at  the 
Government  ore-testing  plant  at  Ottawa  will  illustrate  this 
type,  which  is  a  modification  of  the  Wood  machine.  The 
capacity  per  twenty-four  hours  is  from  fifteen  to  eighteen  tons 
or  about  100  tons  weekly.  There  are  three  flotation  machines 
for  roughing,  and  one  cleaner;  so  the  capacity  of  each  machine 
can  be  rated  at  six  tons  per  twenty-four  hours  and  the  floor 
space  for  each  machine  is  about  six  feet  by  five  feet.  The  ore  is 
crushed  to  1|  inches  in  a  Blake  crusher  then  elevated  to  a  storage 
bin  and  from  there  fed  to  rolls  set  |  inch  apart,  and,  after  the 
rolls,  an  automatic  sampler  cuts  out  l-20th.  The  ore  is  then 
elevated  to  the  drier  and  thence  elevated  to  the  Traylor  ball 
mill.  It  is  stated  that  30-mesh  screens  give  better  results  tech- 
nically but  that  the  18-mesh  is  used  for  commercial  reasons, 
and  as  with  this  size  the  extraction  lies  between  eighty  per  cent 
to  ninety  per  cent  according  to  the  grade  of  ore,  which  varies 
from  Ij  per  cent  to  4  per  cent  M0S2,  the  work  accomplished 
is  very  satisfactory — the  higher  the  feed  the  better  the  ex- 
traction. After  passing  through  the  ball  mill  the  ground  ore 
is  fed  dry  to  the  flotation  machines,  which  make  three  products: 
(1)  rougher  concentrate  containing  about  fifty  per  cent  M0S2 
and  sometimes  higher  with  rich  ores;  (2)  middling  which  is 
returned  to  the  drier  and  ball  mill  to  join  the  circuit  for  retreat- 
ment;  (3)  tailing  to  waste,  containing  about  0.2  per  cent  M0S2. 
The  rougher  concentrate  is  dried  and  sized  on  a  Keedy  sizer 
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into  a  number  of  sizes  for  separate  treatment.  Usually  all  the 
material  coarser  than  40-mesh  will  contain  seventy  per  cent 
M0S2  or  better,  and  therefore  is  marketable;  the  material  finer 
than  40-mesh  being  retreated  separately  and  the  resulting  tailing 
returned  to  the  drier  and  ball  mill  for  retreatment.  The  flotation 
machines  require  attention  and  adjusting  from  time  to  time 
to  secure  best  results,  but  probably  no  more  than  other  con- 
centrating machines,  all  of  which  depend  for  their  efficiency  on  the 
care  and  judgment  of  the  attendants.  The  chief  drawback, 
as  already  stated,  is  that  the  crushing  operations  must  be  per- 
formed dry,  and  so  the  cost  of  fuel  for  drying,  which  would 
not  be  excessive  in  a  centrally  located  plant,  might  be  prohibi- 
tive in  remote  districts  with  no  available  fuel  nearby,  and 
where  as  is  the  case  in  respect  of  the  molybdenite  mines  in 
Norway,  transportation  conditions  are  difficult.  The  tailing 
is  passed  over  a  30-mesh  Callow  screen  and  the  oversize  is 
concentrated  on  a  Wilfley  table  to  catch  the  coarse  pieces  of 
molybdenite,  which  are  returned  to  the  ball  mill  for  retreatment. 
The  type  of  wet  crushing  mill,  including  the  Elmore  vacuum 
process  similar  to  those  operating  in  Norway  and  to  the  plant  in- 
stalled by  the  Renfrew  Molybdenum  Mines  near  Mount  St. 
Patrick,  Ont.,  consists  of  a  Blake  crusher  to  reduce  the  ore  to 
about  1^  inch,  then  an  ore-bin.  From  this  bin  the  ore  is  fed 
automatically  to  a  ball  mill,  then  elevated  and  screened  on  a 
separate  screen  of  about  1  mm.  opening,  the  oversize  returning 
to  the  ball  mill.  The  undersize  is  sent  direct  to  the  Elmore 
machine,  where  it  first  passes  through  a  settling  tank  the  over- 
flow of  which  carries  away  some  of  the  slime,  and  the  thickened 
pulp  is  mixed  with  the  oil  and  then  separated  under  the  vacuum 
into  the  two  products,  concentrate  and  tailing.  This  arrange- 
ment gives  an  extremely  simple  plant  to  operate  when  once  all 
the  adjustments  are  made. 

The  principal  producers  at  the  present  time  are: — (1)  The 
Canadian  Wood  Molybdenite  Company  owning  concentrators 
at  their  mine  at  Quyon,  Que.,  and  also  at  Hull,  Que.  Both  this 
company's  plants  are  dry  crushing  mills  with  ball  mills  and 
Wood's  flotation  machines.  The  entire  output  from  the  two 
mills  is  sold  to  the  Imperial  Munitions  Board  to  be  converted 
into  ferro-molybdenum  either  at  Orillia  or  Belleville.     (2)  The 
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Internationtil  Molybdenum  Company,  which  has  treated  many 
different  ores  at  its  mill  in  Renfrew,  Ont.,  the  supply  from  the 
company's  own  mines  constituting  possibly  fifteen  per  cent  to 
twenty  per  cent  of  their  total  requirements.  Their  plants  con- 
sists of  a  dry  crushing  mill  with  rolls  and  their  own  modification 
of  film-flotation  after  Wood's  method.  The  concentrate  pro- 
duced in  this  mill  is  sent  to  the  company's  own  smelter  at  Orillia, 
Ont.  (3)  The  Renfrew  Molybdenum  Mines,  Limited  which  treats 
the  output  from  their  mine  in  their  concentrator  on  the  property 
near  Mount  St.  Patrick,  Ont.  The  plant  consists  of  a  wet 
crushing  mill  with  the  Elmore  vacuum  process.  The  product 
from  this  mill  is  shipped  direct  to  France. 

The  mills  used  as  custom  plants  are  situated  at  Renfrew, 
Hull,  and  Ottawa  where  the  Canadian  Government  ore- testing 
plant  is  at  the  present  time  employed  for  that  purpose.  H.  E. 
Wood's  ore-testing  plant  at  Denver,  Colo.,  has  been  used  also 
as  a  custom  mill  more  especially  for  the  treatment  of  the  Cana- 
dian Wood  Molybdenite  Company's  higher  grade  ore. 

The  practice  followed  is  for  shippers  to  sell  their  ore  at  a 
price  per  unit  of  M0S2  varying  according  to  the  grade  with 
penalties  for  copper  and  bismuth,  no  payment  being  made  for 
any  molybdic  oxide  in  the  ore.  Ore  is  shipped  containing 
as  low  grade  as  one  per  cent  M0S2  up  to  four  per  cent  or  five 
per  cent. 

The  entire  Canadian 'output  for  1916,  amounting  to  83.69 
tons  of  M0S2,  was  produced  from  ore  concentrated  at  the  cus- 
tom plants  situated  at  Renfrew,  Ottawa  and  Denver,  Col., 
with  the  exception  of  what  was  shipped  by  the  Renfrew 
Molybdenum   Mines. 

The  following  figures  will  show  the  distribution  of  the 
production  for  1916: 

(1)  Dominion  OreTesting  Plant recovered  34.84  tons  MoS,. 

(2)  International  Molybdenum  Co. 's  Renfrew  Mill  recovered  24.00     "        " 

(3)  H.  E.  Wood's  Denver  Plant recovered  27.76     "         " 

(4)  Renfrew  Molybdenum  Mines' Mill recovered     1.5       "         " 

The  total  of  these  is  a  little  high  owing  to  some  ore  from 
U.S.A.  being  included  in  the  2nd  and  3rd  iteins. 
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The  Canadian  Wood  Molybdenite  Company  shipped  during 
the  year: 

5000.0     1.   70%  MoSi  (assuming  80%  recovery)  =  68.00  tonsMoS2  recovered. 

of  which  2180 . 0     1 .  74%  M0S2 treated  at  Dominion  plant 

1 760 . 0     1 .  30  MoSo treated  at  Renfrew  plant 

&  balance         1060.0     2.50  M0S2  (approximately) treated  at  Denver  &  Quyon 

5000.0 

Over  81  per  cent  of  the  total  (83.69  tons)  was  produced 
from  the  Canadian  Wood  Molybdenite  Company's  mine  at 
Quyon,  Que. 

The  International  Molybdenum  Company  produced  thirty 
tons  of  ferro-molybdenum  at  their  refinery  at  Orillia,  approxi- 
mately equivalent  to  43.7  tons  M0S2  or  52  per  cent  of  the  total 
M0S2  produced.  These  figures  are  not  altogether  ofhcial,  but 
are  as  accurate  as  I  have  been  able  to  compile,  and  will  be 
found  approximately  correct  except  that  the  tonnage  of  the 
Dominion  plant  includes  some  ore  tieated  during  Jan.  1917  as 
a  matter  of  convenience  in  securing  the  figures. 

1915  was  the  first  year  of  any  commercial  output  of  molyb- 
denite in  Canada,  the  production  being  12.75  tons,  and  this 
compared  with  83.69  tons  for  1916  illustrates  what  substantial 
progress  has  been  made.  From  all  indications  the  present 
output  in  Canada  is  not  far  short  of  one  ton  of  M0S2  per  diem, 
or  300  tons  per  annum;  and  it  is  within  the  bounds  of  possi- 
bility that  this  amount  can  be  maintained  throughout  the 
year,  although  doubtless  there  will  always  be  uncertainties  to 
reckon  with  until  the  industry  has  been  more  firmly  established. 
All  of  the  concentrating  plants,  with  the  exception  of  the 
Dominion  Government  plant  at  Ottawa,  have  but  recently 
started  operations,  hence  information  in  the  nature  of  figures 
and  results  for  publication  are  scarcely  yet  available.  Mean- 
while it  is  satisfactory  to  note  the  progress  that  has  been  made 
during  the  past  year  in  the  development  and  production  of 
molybdenite  in  Canada,  and  as  all  indications  point  to  fresh 
exploitations  and  increased  output  for  1917,  the  establishment 
of  the  industry  on  a  permanent  basis  now  seems  to  be  assured. 

In  conclusion  it  may  not  be  out  of  place  to  make  some  refer- 
ence to  what  was  accomplished  by  the  staff  of  the  Mines  Branch 
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of  the  Canadian  Department  of  Mines  in  fostering  the  molyb- 
denite industry  at  the  critical  time  of  its  inception.  After 
experimental  work  during  1915,  flotation  machines  were  de- 
signed in  1916.  The  ore  testing  plant  was  then  transformed 
into  a  custom  mill  for  the  treatment  of  molybdenite,  and, 
although,  as  can  be  imagined  a  testing  plant  is  not  well  suited 
for  commercial  work,  operations  have  been  continuous  since 
June  1916  with  highly  satisfactory  results.  Presumably  it  is 
the  intention  to  continue  regular  operations  until  the  mining 
companies  can  treat  the  required  amount  themselves. 

I  take  this  opportunity  of  acknowledging  my  indebted- 
ness to  Mr.  G.  C.  Mackenzie  and  his  staff  for  information 
furnished  me  relating  to  the  operations  of  the  Government 
plant  at  Ottawa,  and  various  other  details. 


Discussion 


Mr.  J.  B.  Tyrrell: — Reference  has  been  made  to  the  prop- 
erty of  the  Molybdenum  Mining  &  Reduction  Company,  Limited, 
on  Alice  Arm  in  Northern  British  Columbia.  Last  summer,  while 
stopping  at  Anyox,  I  had  the  opportunity  of  spending  a  few 
hours  on  this  property,  and  Mr.  Riel,  the  Managing  Director, 
very  kindly  showed  me  over  it.  Some  of  the  members  of  the 
Institute  might  like  to  have  my  impressions  of  the  difference  in 
character  of  that  ore  deposit  from  those  with  which  they  are  fam- 
iliar in  eastern  Canada.  The  mining  claims  in  the  Alice  Arm 
Group  are  on  a  steep  and  densely  wooded  mountain  side  which 
rises  from  tide  water  to  a  height  of  several  thousand  feet.  A 
footpath  winds  up  to  them  through  the  forest,  and  at  an  eleva- 
tion of  about  1200  feet  above  sea  level  it  reaches  a  camp  on 
the  bank  of  a  brook  which  comes  tumbling  down  through  a  gorge 
in  the  mountain.  The  rock  of  the  country  is  here  a  dark  gray 
slate  or  argillite  dipping  at  a  high  angle  and  striking  roughly 
parallel  to  the  shore.  In  the  bottom  of  the  gulch  behind  the  camp, 
the  argillites  are  intersected  by  a  quartz  vein  six  or  eight  feet 
wide  which  cuts  across  them  in  a  direction  N.  25  E.  The 
vein   fills  a    fault    fissure   with    well-defined    walls    which    are 
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strongly  scored  in  a  horizontal  direction  indicating  a  horizontal 
rather  than  a  vertical  movement  in  the  rocks  on  both  sides 
of  the  fissure.  The  vein  is  irregular  both  in  character  and 
dimensions.  In  some  places  it  is  composed  largely  of 
crushed  and  broken  masses  of  country  rock  with  lateral 
bands  of  soft,  plastic  gouge,  while  in  other  places  quartz 
is  abundant,  and  here  the  vein  is  usually  distinctly  lam- 
inated parallel  to  the  walls,  the  darker  bands  being  clearly  out- 
lined by  the  presence  in  greater  cr  less  abundance  of  fine  grained 
molybdenite  and  pyrite.  Dikes  of  both  acid  and  basic  intrusives 
are  present  in  the  vicinity,  and  one  of  the  acid  dikes  was  seen 
running  directly  down  the  middle  of  the  banded  quartz  vein. 
The  gulch  has  evidently  been  cut  out  by  the  water  flowing  from 
the  mountain  along  the  line  of  the  vein.  Just  behind  the  camp, 
where  the  vein,  as  far  as  could  be  seen,  is  wide,  irregular,  and 
composed  largely  of  country  rock,  with  but  little  quartz,  the 
bottom  of  the  gulch  is  wide  and  forms  a  small  basin.  At  the 
back  of  this  basin  the  vein  becomes  narrower  and  more  regular, 
and  contains  a  larger  proportion  of  molybdenite,  while  at  the 
same  time  the  gulch  becomes  steeper  and  narrower.  At  the  en- 
trance of  this  gorge-like  portion  of  the  gulch  is  a  talus  heap  con- 
taining many  hundreds  of  tons  of  angular  fragments  of 
the  quartz  vein-matter  containing  molybdenite.  At  this 
place  the  sulphides  in  the  vein  are  chiefly  molybdenite  and 
pyrite,  but  in  going  northward  up  the  gulch  along  the 
course  of  the  vein  zinc  blende  gradually  makes  its  appear- 
ance, and  at  a  horizontal  distance  of  about  500  feet  from 
the  mouth  of  the  gorge  molybdenite  has  entirely,  or  almost 
entirely,  disappeared,  and  has  been  replaced  by  zinc-blende  and 
galena,  and  at  the  same  time  the  country  rock  has  changed  from 
a  dark  argillite  to  a  light  coloured  quartzite,  or  rock  composed 
of  irregular  grains  of  quartz  in  a  sericitic  matrix.  We  have  thus 
here  an  excellent  illustration  of  a  mineral  vein  changing  its 
character  with  the  character  of  the  country  rock  from  a  molyb- 
denite-bearing vein  in  an  argillite  country  to  a  zinc-blende  and 
galena-bearing  vein  in  a  quartzitic  country.  The  molybdenite 
differs  in  physical  character  from  that  usually  found  in  the  coarse- 
ly crystalline  rocks  of  eastern  Canada.  In  this  latter  part  of 
Canada  it  commonly  occurs  in  well-defined  crystals  of  larger  or 
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smaller  size,  but  in  the  property  on  Alice  Arm  in  British  Columbia 
it  conforms  more  or  less  closely  to  the  fine-grained  or  crypto- 
crystalline  character  of  the  vein-quartz  with  which  it  is  associated, 
and  seems  to  be  in  the  form  of  an  impalpable  powder  which  is 
ofter  intimately  intermixed  with  the  quartz  and  may  be  exceed- 
ingly difficult  to  separate  from  it.  I  shall  not  discuss  the  value  of 
this  interesting  molybdenum-bearing  vein,  but  I  have  rather  at- 
tempted to  point  out  some  of  its  peculiarities  which  must  be 
taken  into  account  when  it  comes  to  be  developed  intelligently 
and  economically. 

Mr.  J.  A.  Dresser: — In  listening  to  Mr.  Claudet's  paper 
it  has  occurred  to  me  that  the  men  handling  the  production  and 
the  concentration  of  the  ore  have  made  in  the  main  greater 
advancement  than  those  who  have  been  trying  to  find  a  supply 
of  ore.  The  immediate  task  would  seem  to  be  to  extend  this  supply 
in  order  that  the  use  of  molybdenite  may  be  placed  on  so  sure 
a  basis  that  its  continued  use  in  ordinary  times  will  be  assured. 
This  is  an  excellent  problem  for  the  other  fellow  to  undertake. 
The  question  seems  extremely  urgent  at  this  time.  Certain  de- 
posits of  importance  have  been  found  in  districts  that  are  not 
known  in  detail.  The  exact  geological  and  physical  condition 
under  which  these  occur  should  be  learned  and  placed  on  record 
in  order  that  this  knowledge  might  aid  in  the  intelligent  search 
for  other  deposits.  A  detailed  study  of  this  question  and  the 
prompt  publication  of  information  so  gained  would  seem  to  be 
of  vital  importance  to  the  search  for  and  the  consequent  develop- 
ment of  a  supply  of  this  ore. 

Mr.  E.  p.  Grant  (Communication  to  the  Secretary). — 
During  the  year  1916,  the  International  Molybdenite  Co. 
treated  at  the  new  concentrater  at  Renfrew  and  at  the  old 
plant,  a  total  of  2350  tons  of  ore  containing  approximately 
60000  lb.  of  M0S2.  This  ore  was  shipped  from  properties  in 
Ontario,  Quebec,  and  British  Columbia.  About  half  of  the  total 
tonnage  treated  represented  customs  ores,  the  remainder  being 
derived  from  properties  operated  by  the  Company.  The  ores 
from  the  different  localities  are  all  dissimilar  in  character,  some 
containing  iron  sulphides  in  large  amount  and  some  being  very 
micaceous.     The  British  Columbia  ores  seem  to  be  freer  from 
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these  deleterious  substances  than  Ontario  or  Quebec  ores;  the 
flakes,  however,  are  very  much  smaller,  and  in  some  instances, 
are  almost  amorphous. 

The  Renjrew  Concentrator — The  new  concentrator  at  Renfrew 
was  completed  in  September,  1916.  The  process  employed  is  the 
outcome  of  experimental  operations  conducted  over  a  period  of 
about  eighteen  months. 

The  location  of  the  plant  was  formerly  a  flour  mill  site,  and 
the  concentrator  was  erected  on  the  hill  side  thus  permitting  a  dif- 
ferencein  elevation  of  over  40  feet  between  an  'upper  ground  floor' 
and  'a  lower  ground  floor.'  The  ore  enters  the  mill  on  the  'upper 
ground  floor.'  It  goes  first  to  a  jaw  crusher,  thence  to  a  gyratory 
crusher,  and  thence  either  to  storage  bins  or  to  a  rotary  drier. 
The  flo  V  up  to  this  point  is  affected  by  gravity.  The  material 
is  then  elevated  to  the  top  floor  (three  floors  above  the  upper 
ground  floor)  where  it  is  delivered  to  a  large  set  of  rolls  and 
screens,  the  undersize  dropping  to  a  conveyor  belt,  discharging 
to  storage  bins  in  the  flotation  department  room.  The  oversize 
is  raised  by  a  bucket  elevator  to  No.  2  rolls  and  screens,  the 
undersize  again  being  sent  to  the  storage  bins  in  the  flotation 
department.  This  is  in  brief  the  flow -sheet  in  the  crushing 
department.  With  ore  containing  large  flakes  a  fairly  good 
concentrate  can  be  separated  by  screen  adjustment.  This 
concentrate  is  usually  taken  to  either  of  the  sampling  rolls 
to  be  cleaned  while  the  undersize  goes  to  the  flotation  depart- 
ment. The  size  of  material  floated  varies  with  the  character  of 
the  ore.  Usually  a  minus  20-mesh  product  gives  good  results. 
It  has  been  necessary  in  the  case  of  some  ores  to  crush  to  minus 
60-mesh. 

An  automatic  sampler  is  placed  immediately  below  the 
gyratory  crusher,  and  the  bulk  sample  thus  produced  is  re- 
duced to  an  assay  sample  in  the  usual  manner. 

Flotation  Department — The  flotation  department,  housed  in  a 
building  90  feet  by  30  feet,  adjoins  the  mill.  It  contains  nine 
flotation  machines,  6  feet  wide  by  approximately  18  feet  long. 
The  chutes  of  the  storage  bins  already  mentioned,  are  12  feet 
above  the  ground  level  and  discharge  into  a  1200-lb.  hopper, 
which    travels   on   rails,    and   in    turn   discharges   into    2400-lb. 
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hoppers,  feeding  the  flotation  machines.  The  material  dis- 
charges from  the  feed  hoppers  through  adjustable  openings  to  the 
feed  boards  of  the  machines.  The  concentrate  is  collected  at  the 
end  of  the  machine,  dried  on  steam  driers,  and  is  then  ready  for 
shipinent,  or  if  too  low  in  grade,  is  given  special  treatment.  The 
tailing  is  carried  out  by  waste  water  to  the  dump.  The  Company 
does  not  not  aim  to  make  an  extremely  high  grade  concentrate. 
The  product  ranges  from  60%  to  70%  M0S2,  experience  having 
demonstrated  that  with  an  average  ore  it  is  not  commercially 
advantageous  to  produce  a  90%  concentrate.  The  capacities  of 
the  machines  vary  from  500  lb.  to  1500  lb.  per  hour,  according  to 
the  character  of  materials.  The  finer  the  material  the  lower  is 
the  capacity. 

The  mill  was  designed  for  100  tons  per  day,  but  at  present 
has  a  capacity  of  from  50  to  60  tons.  The  following  record  of  a 
few  days'  run  gives  an  idea  of  the  extraction  obtained.  The 
tonnage  put  through  was  small,  and  the  extraction  a  little  above 
normal : 


Lb. 

%  MoS. 

%  MoS. 

% 

Floated 

Heads 

Tails 

Recovery 

Oct.  17 

23400 

2.29 

.24 

90 

22200 

1.16 

.17 

90 

"  18 

15000 

1.64 

.16 

90 

19800 

1.66 

.21 

87 

"  19 

28800 

1.35 

.26 

80 

28600 

1.71 

.49 

71 

"  20 

28200 

1.74 

.24 

86 

20400 

1.37 

.31 

80 

Refinery: — The  concentrate  is  shipped  to  the  company's 
refinery  at  Orillia.  The  products  of  the  refinery  are  ferro-molyb- 
denum,  molybdic  acid  and  ammonium  molybdate,  of  commercial 
quality  and  also  chemically  pure.  The  first  stage  of  the  process 
is  to  convert  the  concentrate  into  crude  ammonium  molybdate. 
This  is  then  charged  with  necessary  iron  into  the  electric  furnaces. 
The  furnace  department  has  a  capacity  of  two  tons  of   ferro- 
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molybdenum  per  twenty-four  hours.  The  furnaces  were  com- 
pleted in  October,  and  the  first  production  of  ferro-molybdenum 
was  on  October  3rd.  The  ferro  contains  70%  to  76%  Mo.,  less 
than  0.1%  sulphur,  no  phosphorus,  no  copper,  and  about  3% 
carbon.  All  the  ferro-molybdenum  produced  at  the  present  time 
is  supplied  directly  to  the  Imperial  Munitions  Board. 

In  the  chemical  department  is  produced  molybdic  acid  85% 
and  99%,  and  ammonium  molybdate.  At  present  only  chem- 
ically pure  products  are  made,  and  these  are  supplied  for  labor- 
atory purposes  in  Canada  and  the  United  States.  Some  research 
work  has  been  done  by  the  company's  staff  in  connection  with 
the  production  of  molybdenum  dyes,  and  also  of  molybdenum 
wire. 

Production: — The  company's  production  of  ferro-molyb- 
denum, molybdic  acid,  etc.,  during  the  year  ending  December 
31st,  1916  had  a  value  of  8110,000.  These  figures  do  not  repre- 
sent present  working  conditions,  since  the  regular  production  of 
ferro-molybdenum  was  not  commenced  until  October,  1916.  The 
value  of  the  products  being  made  is  now  at  the  rate  of  over 
$500,000  per  annum,  and  is  increasing  rapidly. 

The  statement  may  be  considered  of  interest  that  this  com- 
pany is  the  only  concern  in  the  world  that  mines  and  purchases 
molybdenite  ores,  operates  its  own  concentrator,  uses  its  own 
developed  process  of  concentration,  refines  all  the  products  from 
its  concentrator,  and  at  the  same  time  produces  chemically  pure 
reagents. 


ELECTRO-DEPOSITION  OF  ZINC  FROM  AQUEOUS 
SOLUTIONS 

By  E.  P.  Mathewson,  Toronto,  Ont. 

Annual  Meeting,  Montreal,  March,  1917 

Nothing  succeeds  like  success.  This  applies  in  metallurgy 
as  in  all  other  vocations;  and  in  recent  years  we  have  had  striking 
examples:  first,  the  success  of  the  Smith-Pierce  converter  using 
magnesite  lining;  second,  the  success  of  the  Mineral  Separation 
process  for  concentration  by  flotation ;  third,  the  success,  obtained 
by  several  metallurgists,  in  producing  the  highest  quality  of  zinc 
by  electro-deposition  from  aqueous  solutions  (notably  by  Messrs. 
Laist  and  Frick  at  Anaconda  and  Great  Falls,  and  the  Con- 
solidated Mining  and  Smelting  Company  of  Canada  at  Trail, 
B.C.). 

The  attached  bibliography  on  this  subject  shows  clearly 
that  electro-deposition  of  zinc  is  no  new  thing;  but  it  is  decidedly 
novel  to  produce  zinc  in  this  way,  in  successful  competition  with 
established  furnace  methods.  The  Siemens  and  Halske  experts 
were  early  in  the  field  and  the  names  of  Hoepfner,  Engelhardt, 
Huth  and  Isherwood  are  prominent.  The  Japanese  metallurgists 
attacked  the  problem  about  ten  years  ago,  and  produced  a  small 
quantity  of  electrolytic  zinc  prior  to  the  war;  but  stimulated  by 
the  war  prices,  the  Japanese  enlarged  their  operations  and  I  am 
told  are  now  producing  considerable  quantities  of  zinc  in  three 
different  plants.  The  General  Electric  Company  has  experi- 
mented extensively,  and  has  now  a  plant  at  Bully  Hill,  California, 
for  demonstration  of  the  particular  process  their  experts  have 
evolved.  Australia  and  Tasmania  have  hearkened  to  the  call 
and  are  now  busy  organizing  their  forces  for  the  production  of 
electrolytic  zinc  from  the  vast  deposits  of  ore  and  tailing  available 
in  those  countries. 

Among  so  many  it  is  hard  to  select  one  name  as  pre-eminent, 
but  I  believe  it  is  only  fair  to  state  that  to  Messrs.  Laist  and 
Frick,  of  the  Anaconda  Copper  Mining  Company,  deserve  the 
greatest  credit  in  this  connection. 

Mr.  Bretherton  in  his  letter  dated  October  25th,  and  pub- 
lished in  the  Mining  and  Scientific  Press  under  date  of  December 
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2nd,  sums  up  very  concisely  and  clearly  the  conditions  in  the 
West  prior  to  the  development  of  the  process  for  successfully 
depositing  zinc  electrolytically,  and  the  benefits  to  be  derived 
from  the  process  referred  to.  The  complex  ore  question  has 
been,  as  he  states,  an  unsolved  problem  for  metallurgists  for  a 
generation.  Now  it  is  practically  solved.  What  under  old  con- 
ditions was  waste  material,  and  could  not  in  any  sense  be  con- 
sidered ore  has  suddenly  become  valuable  and  changed  its  classi- 
fication. Even  if  only  80%  of  the  zinc  in  complex  ores  can  be 
recovered  successfully  by  the  electrolytic  process  in  its  present 
state  of  development,  the  removal  of  this  large  percentage  of  a 
deleterious  element  from  a  complex  ore  will  render  the  extraction 
of  the  remaining  more  valuable  elements  quite  simple.  Western 
metallurgists  now  figure  that  they  can  treat  the  so-called  complex 
ores  by  the  new  method  crediting  to  the  process  the  values 
obtained  from  the  sale  of  silver,  gold,  copper,  and  lead 
and  producing  the  zinc  at  a  price  that  will  compete  with  the 
retort  process  under  normal  conditions.  I  believe  that  even 
had  the  war  not  broken  out  when  it  did  the  electrolytic  zinc 
process  would  still  have  been  developed.  The  Directors  of  the 
Anaconda  Copper  Mining  Company  were  so  strongly  impressed 
with  this  belief  that  they  authorized  a  series  of  experiments  at 
enormous  cost.  After  these  were  concluded  under  the  direction 
of  Mr.  Frederick  Laist,  they  constructed  a  plant  that  produced 
10  tons  of  zinc  daily  and  later  increased  this  to  a  capacity  of 
35  tons  daily.  They  then  decided  to  build  a  modern  plant  close 
to  the  source  of  power,  which  is  the  principal  item  in  the  cost  of 
the  process,  erecting  the  largest  and  best  equipped  electrolytic 
zinc  refinery  in  the  world  at  Great  Falls,  Montana.  The  plant 
will  consist  of  five  units,  the  first  of  which  was  put  in  operation 
only  a  few  months  ago,  while  late  in  December  three  units  were 
in  operation,  producing  daily  95  tons  of  zinc,  of  a  purity  of 
99.92%  and  over,  with  physical  qualities  surpassing  anything 
else  on  the  market.  The  complete  plant  having  a  capacity  of 
from  160  to  175  tons  of  zinc  daily,  will  be  in  operation  before  this 
paper  is  published. 

During  the  course  of  the  experiments  and  during  the  trials 
in  the  test  plant  at  Anaconda  the  process  originally  proposed  by 
Messrs.   Laist   and   Frick  was   much   simplified.     The  process 
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finally  adopted  consists  essentially  of  the  following  steps:  First 
careful  roasting  of  the  concentrate  at  temperatures  not  exceeding 
about  730  degrees  centigrade;  then  dissolving  the  zinc  together 
with  a  little  iron  by  means  of  spent  electrolyte  in  Pachuca  tanks. 
A  small  amount  of  manganese  dioxide  is  then  added  to  effect  the 
oxidation  of  the  iron,  which  is  then  precipitated  by  means  of 
powdered  limestone,  bringing  down  any  arsenic  or  antimony 
that  may  be  dissolved.  These  are  separated  in  Oliver  filters, 
and  the  residue  sent  to  the  blast  furnaces,  while  the  filtrate, 
which  contains  nothing  but  zinc  with  a  little  cadmium  and 
copper,  is  then  treated  with  zinc  dust  and  again  filtered,  the 
filtrate  being  the  pure  solution  which  is  sent  to  the  tank  room. 
The  anodes  are  pure  lead  and  the  cathodes  pure  aluminum. 
The  deposition  goes  on  for  48  hours  only,  when  the  zinc  is  stripped 
from  the  cathode  sheets,  then  melted  into  slabs. 

A  study  of  the  accompanying  bibliography  will  show  how 
many  schemes  have  been  tried  for  obtaining  zinc  from  a  complex 
ore — a  problem  that  has  now  been  solved  so  simply. 
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Berg.  u.  Huttenm.  Ztg.,  1883,  vol.  37  (New  Series),  pp.  250-52. 
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Abst.,  Wagner's  Jahresber.  d.  Chem.  Technologie,  1885,  vol.  31,  p.  170. 
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Abst.,  Wagner's  Jahresber.  Chem.  Technologie,  1885,  vol.  31,  p.  170. 

1886 
Rosing,  B. 

On  the  distillation  and  electrolytic  treatment  of  zinc-scum. 
Zeits.  f.  Berg.-Hutten-  u.  Salinenwesen,  1886. 
Dingler's  Polytechn.  Jour.,  1887.  v.  263,  p.  87-94. 

In  the  electrolytic  process  the  zinc-scum  is  spread  out  in  powder  upon  a  lead  plate 
lying  at  the  bottom  of  a  wooden  vat  containing  a  solution  of  ZnS04.  On  passing  an 
electric  current  through  the  liquid,  the  lead  plate  forming  the  anode,  zinc  is  deposited  from 
the  solution  upon  the  cathode,  whilst  a  corresponding  quantity  of  Zn  is  dissolved  up  from 
the  zinc-scum.  The  action  stops  when  the  surface  of  the  particles  has  become  free  from  Zn. 
The  mass  is  then  heated  in  a  cupellation  furnace,  and  again  electrolyzed. 

1887 

Watt,  A.,  London. 

Improvements  in  the  electrolytic  treatment  of  zinc  and  its  ores. 
British  Pat.  6294,  Apr.  29,  1887. 

The  invention  consists  in  the  use  as  electrolyte  of  a  dilute  vegetable  acid,  preferably 
commercial  acetic  acid,  or  of  a  solution  of  zinc  or  its  ores  in  such  a  liquid.  The  anodes 
may  be  masses  of  impure  zinc,  or,  in  the  extraction  of  zinc  from  its  ores,  may  be  of  C  or 
other  insoluble  material.  The  cathodes  may  be  of  C,  greased  or  dirty  metal,  or  thin  sheets 
of  good  Zn.  The  solution  should  not  be  allowed  to  become  too  acid,  and,  in  the  extraction, 
must  be  produced  and  the  acid  formed  in  the  bath  allowed  to  take  up  more  ore,  though  the 
solution  is  preferably  kept  diluted  with  water  to  a  density  of  1.15  or  1.16.  Calamine 
may  be  crushed,  sifted,  and  treated  directly.  Blende  must  first  be  roasted.  An  excess  of 
metallic  impurities  in  the  solution  may  be  precipitated  by  sulphuretted  hydrogen.  The 
advantages  claimed  are  better  and  more  regular  deposits  and  the  production  of  very  little 
gas. 

1888 

BURGHARDT,  C.  A. 

Improvements  in  the  production  of  pure  zinc. 

British  Pat.  18440,  Dec.  18,  1888.     German  Pat.  49682,  May  22,  1889. 

Impure  zinc  is  employed  as  anode  in  an  electrolytic  cell,  the  deposit  of  pure  zinc  being 
received  on  a  suitable  cathode.  Zincate  of  Na  or  K  is  used  as  electrolyte,  and  may  be 
obtained  by  charging  the  cell  with  caustic  alkali,  and  passing  a  current  of  electricity  until 
pure  zinc  is  deposited. 

Watt.  A..  London. 

Electrolytic  treatment  of  zinc. 
LumiSre  Electr.  1888,  vol.  29,  p.  144. 
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Watt,  A.,  London. 

Improvements  in  tlie  treatment  of  zinc  and  its  ores. 
British  Pat.  3369,  Mar.  5.  1888. 

When  lead  is  present  in  tlie  ores,  it  interferes  with  the  proper  deposit  of  tlie  Zn.  The 
author  claims  the  idea  of  adding  to  the  bath  I12S04,  which  precipitates  the  Pb  as  PbS04. 
Impure  zinc,  containing  Pb,  can  be  used  as  the  anode  in  this  case.  When  Pb  is  present 
in  large  quantity,  the  ore  or  metal  is  treated  first  with  acetic  acid,  which  dissolves  the  lead, 
and  afterwards  with  dilute  sulphuric  acid.  The  Pb  is  precipitated  from  the  acetate  solution 
by  scrap  zinc,  and  the  solution  of  acetate  of  zinc  so  produced  added  to  the  solution  of  sulphate 
to  make  up  the  bath  for  electrolysis. 

1891 

Anonymous. 

A  new  electrolytic  separation  of  zinc  (Kosmann  and  Lange-Brieg  processes). 
Electr.  Rev.  &  Telgr.  Jour.,  1891,  vol.  28,  p.  749. 

1892 

Anonymous  (G.  R.). 


Electrometallurgical  extraction  of  zinc  by  the  Nahnsen  process. 
Lumidre  Electrique,  1892,  vol.  44,  p.  376. 


Cassel,  G.  E.,  and  Kjellin,  F.  A. 

An  improved  method  of  producing  zinc  from  blende  by  means  of  electrolysis. 
British  Pat.  21193,  Nov.  22,  1892,  German  Pat.  67703,  Aug.  18,  1892. 

Zinc  is  produced  by  blende  by  means  of  electrolysis,  the  ore  being  first  converted  into 
a  soluble  salt  of  zinc,  which  is  electrolyzed  in  a  bath  in  which  the  cathode  consists  of  zinc 
or  other  suitable  metal  which  is  not  corroded  in  the  process,  and  is  separated  from  the 
anode  by  a  porous  partition.  Iron,  or  some  analogous  metal,  is  used  for  the  anode,  and 
the  electrolyte  round  the  cathode  consists  of  a  soluble  Zn-salt,  and  that  round  the  anode 
of  a  solution  of  a  salt  the  positive  component  of  which  consists  of  the  metal  used  as  anode, 
and  the  negatives  of  the  same  acid  as  that  contained  in  the  salt  of  zinc  to  be  electrolyzed. 
If  the  acid  set  free  during  the  operation  forms  insoluble  salts  with  the  anode,  the  porous 
partition  may  be  dispensed  with  and  the  cathode  and  anode  are  both  surrounded  by  the 
salt  of  zinc  to  be  electrolyzed. 

Nahnsen. 

Contribution  to  the  electrolysis  of  zinc  salts. 

Berg.  u.  Huttenmann.  Ztg.,  1891,  Oct.  23,  vol.  50,  No.  43,  pp.  393-97. 

Nathusen,  G.,  Cologne. 

Improvements  in  the  electro-metallurgical  extraction  of  zinc. 

British  Pat.  No.  2913,  Feb.  15,  1892. 

Abst.,  J.  Soc.  Chem.  Ind.,  1892.  v.  11,  p.  535. 

Nahusen,  Cologne. 

Improvements  in  the  methods  of  purifying  electrolytes  containing  zinc,  relating  to  or 

connected  with  the  electro-metallurgic  production  of  zinc. 

British  Pat.  2225,  Feb.  5,  1892. 

Abst.,  J.  Soc.  Chem.  Ind..  1892,  v.  11,  p.  535. 

Tommasi,  D.,  Paris. 

Process  and  apparatus  for  the  extraction,  separation  and  refining  of  metals  by  electrolysis. 

British  Pat.  16893,  May  21,  1892. 

Abst.,  J.  Soc.  Chem.  Ind.,  1893,  vol.  12,  p.  768. 

Tommasi,  D..  Paris. 

Process  and  apparatus  for  the  extraction,  separation  and  refining  of  metals  by  electrolysis. 

British  Pat.  16892,  Apr.  1,  1892. 

Abst.,  J.  Soc.  Chem.  Ind.,  1893,  vol.  12,  p.  768. 

1893 

Anonymous. 

Recent  progress  in  the  electrometallurgy  of  zinc. 
Dingler's  Polytechn.  Jour.,  1893,  vol.  288,  pp.  258-63. 

COEHN. 

Electrolytic  metal  deposition. 
German  Pat.  75482,  July  1,  1893. 

In  all  such  cases  where  the  evolution  of  H  at  the  cathode  is  the  reason  for  the  loose  to 
spongy  form  of  the  metallic  deposits,  the  application  of  an  intermittent  current  has  proved 
advantageous.  The  number  of  current  interruptions  required  is  to  be  determined  separately 
in  accordance  with  the  quantity  of  gas  evolved  with  constant  current.  In  the  electrolysis 
of  zinc  sulphate,  for  instance,  a  compact,  strong  deposit  was  obtained  with  about  50  inter- 
ruptions per  minute  and  a  current  density  of  50  amp.  per  sq.  m.  There  need  actually  not 
be  real  interruption  of  the  current,  but  a  constant  switching  from  one  bath  to  the  other. 
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the  switch  being  operated  by  a  small  electromotor  or  a  small  turbine.  A  rotating  drum 
consists  of  one-half  of  its  periphery  of  insulating,  solid  material.  In  contact  with  this 
drum,  the  metallic  axis  of  which  is  connected  with  the  current  generator,  are  two  brushes, 
one  of  which  leads  to  the  one  series  of  baths,  the  other  to  the  other  series. 

1894 

HOEPFNER,   C. 

Improvements  in  the  treatment  of  calamine  and  similar  minerals  or  compounds  for  the 

extraction  of  zinc. 

British  Pat.  11724,  June  16,  1894. 

Abst.,  J.  Soc.  Chem.  Ind.,  1895,  vol.  14,  p.  581. 

Mylius  and  Fromm. 

The  precipitation  of  metals  from  dilute  solutions.     (II.) 
Ber.  d.  deuts.  Chem.  Gesellsch.,  1894,  vol.  27,  pp.  645-51. 
Abst..  J.  Chem.  Soc.  (London),  1894.  vol.  66,  Part  II,  pp.  235-37. 

1895 

LRGHARDT,   C.  A.  AND  RiGGS,  G. 

Improvements  in  a  process  and  apparatus  for  the  electrolytic  production  of  zinc  from  ores 
of  zinc,  and  metallic  Zn  and  metallic  Cu  from  Zn  ores  containing  Cu,  and  the  production 
of  O  gas  in  the  cases  specified. 
British  Pat.  22732,  Nov.  28,  1895. 

The  ores  which  have  been  thoroughly  oxidized  by  roasting,  are  ground  and  treated 
with  a  concentrated  solution  of  either  the  normal  carbonate,  the  sesquicarbonate,  or  the 
bicarbonate  or  ammonium,  or  a  mixture  of  these;  or  a  solution  of  ammonia  gas  in  water 
may  be  employed,  but  in  the  latter  case  no  oxygen  is  evolved  in  the  latter  stages  of  the 
process.  The  bath  is  covered  with  a  layer  of  paraffin  or  other  mineral  oil  of  higher  flashing 
point  and  low  viscosity,  to  prevent  loss  of  ammonia,  and  a  mechanical  stirrer  is  set  in 
motion.  When  all  the  oxides  have  been  dissolved,  the  clear  liquor  is  drawn  off  into  another 
tank,  and  again  covered  with  a  layer  of  oil.  The  solution  is  freed  from  any  Fe  it  may 
contain  by  treatment,  at  about  40  degrees  C,  with  a  certain  proportion  of  hydrated  oxide 
of  tin,  and  the  clear  liquor  is  again  drawn  off  into  another  tank.  If  Cu  be  present,  it  is 
recovered  by  immersing  in  the  bath  plates  of  Zn,  or  preferably,  of  Zn  in  contact  with  Sn, 
and  the  Cu  deposited  on  the  Zn  strips  easily,  and  is  entirely  free  from  oxides,  owing  to  the 
layer  of  oil.  The  solution,  free  from  Cu,  is  then  electrolyzed  in  a  bath  covered  with  a  layer 
of  paraffin  and  provided  with  sheet  zinc  cathodes,  and  tin  or  lead  anodes.  If  a  solution  of 
the  carbonates  has  been  employed,  the  oxygen  given  off  at  the  positive  pole  is  collected 
and  washed. 

Hasse,  E. 

Zinc  electrolysis  with  aqueous  electrolytes. 

Berg.  u.  Hiittenmann.  Ztg.,  1895,  vol.  54,  No.  50,  pp.  431-35,  No.  51,  pp.  439-443.     (Fig. 

1-12,  Plate  VII.) 

A  patent  review. 

HoEPFXER,  C,  Giessen,  Germany. 

Improvements  in  or  relating  to  electrolytic  or  galvanic  processes  or  cells. 

British  Pat.  17745,  Sept.  23,  1905. 

.\bst.,  J.  Soc.  Chem.  Ind.,  1896.  vol.  15,  p.  816. 

LORENZ.  R. 

Method  of  extracting  zinc  and  lead  from  mixed  ores. 
Zeits.  f.  Elektrochem..  1895-96.  vol.  2.  pp.  318-337. 
Abst..  J.  Soc.  Chem.  Ind.,  1896,  vol.  15,  pp.  278-80. 

Mylius,  F.,  and  Fromm,  O. 

Experiments  on  the  production  of  pure  zinc. 
Zeitschrift  f.  anorg.  Chem..  1895,  v.  9,  p.  144-77. 
Ber.,  1895,  v.  28,  pp.  1563-75. 

The  authors  commenced  by  analyzing  a  number  of  samples  of  "commercially  pure" 
metal.  100  grams  were  used  in  the  process,  and  the  basis  of  their  analytical  method  was 
a  preliminary  fractional  precipitation  with  ammonium  sulphide. 

The  impurities  are  chiefly  Pb.  Cd  and  Fe,  not  arsenic.  The  following  quantities  were 
estimated  in  100000  parts  on  8  samples  of  commercially  pure  zinc  from  various  sources. 
seven  of  them  reputed  pure  zinc  from  leading  manufacturers,  and  in  the  table  below  numbered 
1  to  7: 

Pb 

1 72 

2 30 

3 S 

4 5 

5 10 

6 21 

7 11 
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Cd 

Fe 

HI 

15 

58 

11 

23 

2 

16 

14 

18 

2 

5 

36 

99 

4 

39 

17 
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Various  processes  for  the  purification  of  impure  zinc  were  investigated  as  follows: 

L  Dry  processes:  Recrystallization  of  the  metal  reduced  the  lead — impurity  Srom 
0.6T'/c  to  0.0^';;;  after  five  repetitions;  the  Cd  fell  from  1.27  to  0.36%  in  four  rccrystallizations 
The  iron,  on  tlie  other  hand,  increased  from  0.92  to  3.2%  in  two  crystallizations.  This 
process  can  scarcely  be  recommended. 

IL     Wet  processes  (Electrolytic): 

(1)  By  preparing  the  metal  from  solutions  of  purified  salts  with  insoluble  anodes; 
(2)  by  electrolytic  purification  by  means  of  soluble  anodes  of  zinc. 

In  all  cases  purified  zinc  sulphate  was  used.  Iron  was  eliminated  by  heating  the  solution 
with  zinc  oxide  in  presence  of  hydrogen  peroxide.  After  warming  and  filtering,  a  solution 
free  from  iron  is  obtained.  For  the  elimination  of  other  impurities  the  following  methods 
are  recommended: 

(a)  Recrystallization  of  the  sulphate  from  solution  in  dilute  alcohol,  (b)  Decomposition 
of  zinc  ethyl  with  sulphuric  acid,  {c)  Electrolysis  of  the  solution  with  Pt-  electrodes  and 
weak  currents,  keeping  the  solution  neutralized  by  means  of  zinc  oxide.  Pb,  Cd  and  Fell 
are  separated  at  the  cathode;  Pb02  and  Fe203  at  the  anode.  (d)  Treatment  of  ZnS04 
solution  with  purilied  zinc,  (e)  Treatment  of  porous  zinc  (electrolytic)  with  less  than 
the  equivalent  of  sulphuric  acid  in  dilute  solution. 

A  pure  zinc  oxide,  required  in  the  above  treatments,  may  be  prepared  from  the  nitrate 
by  fractional  precipitation  with  ammonium  sulr)hide. 

The  main  issue  of  the  investigation  is  that  the  purest  zinc  is  obtained  by  repeated 
electrolytic  separation  of  the  metal  in  the  spongy  form  from  basic  solutions  of  the  sulphate. 
The  impurities  do  not  exceed  1  part  per  100,000.  As  a  final  purification  (elimination  of 
non-metallic  elements,  dissolved  gases,  etc.)  the  authors  recommend  distillation  in  vacuo. 

Siemens  &  Halske,  Berlin. 

Improvements  in  the  electrolytic  production  of  zinc  from  its  ores,  and  apparatus  therefor. 
British  Pat.  13434,  July  12,  1895. 

The  improved  process  for  obtaining  zinc  by  electrolysis  consists  in  first  roasting  the 
zinc  ore,  then  lixiviating  the  same  preferably  by  means  of  sulphuric  acid,  and,  after  separation 
therefrom  of  the  greater  part  of  the  impurities  by  known  means,  subjecting  the  same  to 
electrolytic  action  by  means  of  zinc  cathodes  and  anodes  of  C,  Pb  or  other  bodies  not 
readily  attacked  by  oxygen  whilst  at  the  samt  time  air  under  pressure  is  forced  in  at  the 
lower  part  of  the  cells,  so  as  to  produce  a  rapid  circulation  of  the  electrolyte,  by  which 
means  it  is  claimed  that  the  formation  of  zinc  sponge  is  prevented.  The  zinc  solution  is 
preferably  concentrated  to  about  10  degrees  B.,  and  subjected  to  preparatory  electrolysis 
until  it  contains  5-10  grms.  of  free  sulphuric  acid  per  litre.  The  cathodes  are  then  cleaned 
from  any  sponge  that  may  have  been  formed,  and  subsequently  the  special  regular  process 
commences,  in  which  the  acid  formed  in  the  depositing  vats  is  fixed  by  dissolving  zinc  oxide. 
The  pressure  employed  is  1.3  cubic  meters  of  air  per  hour  for  electrode  plates  of  about 
1  meter  length  and  0.7  m.  width,  and  a  current  density  of  about  50  amperes  to  the  square 
meter.  Partitions  of  wood  or  other  neutral  material  extend  from  near  the  surface  of  the 
liquid  in  the  cell  to  near  the  bottom  of  the  vat,  so  as  to  form  separate  compartments,  and 
perforated  pipes  passing  near  the  lower  edge  of  the  partition  admit  the  air  under  pressure.. 

1896 

.'Vndreoli. 

Electrodeposition  of  zinc  by  the  Cowper-Coles  process. 
L'Electricien,  1896,  vol.  12,  p.  99. 

Anonymous. 

Simultaneous  electrolytic  deposition  of  zinc  and  lead  from  aqueous  solutions. 
Oester,  Zeits.  Berg.  u.  Hiittenwesen,  1896,  col.  44,  pp.  13-14. 
Elektrotechn.  Znzeiger,  1895,  vol.  12,  pp.  1869-71. 

HOEPFNER,   C. 

Improvements  in  and  relating  to  the  treatment  of  ores  or  materials  containing  Zn,  Pb  and 

Ag. 

British  Pat.  8328,  Apr.  26,  1896. 

Abst.,  J.  Soc.  Chem.  Ind.,  1896,  vol.  15,  p.  458. 

N'EtraiANN. 

Electrolytic  extraction  of  zinc. 

Chem.  Ztg.,  1896,  vol.  20,  pp.  36-38. 

Abst.,  J.  Soc.  Chem.  Ind.,  1896,  vol.  15,  pp.  280-81. 

DiEFFENBACH,  O.,  Darnistadt. 

Improvements  in  the  electrolytic  production  of  zinc  and  alkalis. 
British  Pat.  25804,  Nov.  16,  1896. 

The  electrolytic  vessel  is  divided  into  three  parts  by  two  diaphragms,  the  anode  and 
cathode  compartments  containing  respectively  sodium  sulphate  and  an  alkaline  solution  of 
Zn,  while  the  centre  compartment  contains  Na2S04,  or  a  solution  of  alkaline  chloride  or 
dilute  alkaline  lye.  In  the  first  case,  on  the  passage  of  the  current,  zinc  is  deposited  in  the 
cathode  compartment,  and  the  strength  of  the  solution  in  zinc  may  be  maintained  by 
heating  it  together  with  ZnO,  Zn  (OH) 2,  or  even  metallic  zinc.  Simultaneously  with  the 
separation  of  Zn,  NaOH  is  formed,  which  passes  into  the  centre  compartment  instead  of 
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being  neutralized  by  the  free  acid  formed  in  the  anode  compartment,  as  is  the  case  when 
only  one  diaphragm  is  employed.  The  anode  solution  is  kept  constantly  circulating,  and 
the  acid  is  neutralized  with  lime,  etc.,  as  soon  as  it  is  formed.  The  solution  in  the  centre 
compartment  is  regularly  drawn  off,  and  the  NaOH  there  formed  separated  by  evaporation 
from  the  Na2S04,  which  crystallizes  out. 

1898 

Anonymous. 

Electrolytic  zinc. 

Engineering,  1898,  Jan.  21,  v.  65,  p.  85-6. 

Anonymous. 

Cowper-Coles  electrolytic  method  for  the  extraction  of  zinc  from  refractory  ores. 
Electrical  Rev.  (London),  1898,  v.  43,  No.  1082,  pp.  265-67.     Ills. 

Anonymous. 

The  combination  of  the  desilverization  process  of  lead  by  means  of  zinc  with  the  electro- 
lytic production  of  zinc  and  silver  according  to  the  Haase  process. 
Berg.  u.  Huttenm.  Ztg.,  1898,  vol.  57,  p.  46-8. 

Anonymous. 

The  electrolysis  of  zinc  solutions  at  Broken  Hill. 
L'Electricien,  1898,  vol.  16,  (2d  Series)  pp.  103-05. 

FOERSTER,  F.  AND  GUNTER,  O. 

Electrolysis  of  zinc  chloride  solutions  and  the  nature  of  spongy  zinc. 
Zeits.  f.  Elektrochem.,  1898,  v.  5  (I),  pp.  16-23. 

Starting  with  the  assumption  that  the  deposition  of  spongy  zinc  is  caused  by  the 
presence  of  precipitated  zinc  oxide  on  the  cathode,  the  authors  have  made  some  experiments 
which  tend  to  confirm  this  view. 

A  zinc  cathode  was  suspended  in  a  perfectly  neutral  purified  zinc  chloride  solution 
containing  54.6  grams  of  Zn  per  litre,  between  two  anodes  of  pure  electrolytic  zinc.  With 
a  current  density  of  1.4  amperes  per  sq.  dom.  a  smooth  compact  deposit  of  zinc  was  obtained 
on  the  cathode  for  the  first  six  or  seven  hours,  but  after  20  hours  spongy  zinc  was  being 
deposited,  and  the  solution  was  turbid  from  the  presence  of  suspended  basic  zinc  chloride. 

On  filtering  off  the  precipitate  and  inserting  a  new  cathode,  a  good  deposit  was  obtained 
during  the  first  few  hours.  The  electrolyte  then  again  became  turbid,  and,  at  the  same 
time,  the  deposit  showed  signs  of  becoming  spongy.  Schnabel  (Handbuch  der  Metall- 
hiittenkunde,  2,  p.  114)  states  that  the  formation  of  spongy  zinc  may  be  prevented  by  the 
addition  of  CI  or  bleaching  powder  to  the  solution.  The  authors,  therefore,  tried  the 
method  adopted  by  Mylius  and  Fromm  for  keeping  a  solution  of  zinc  sulphate  constantly 
acid.  A  small  quantity  of  free  CI  was  continuously  evolved  in  the  cell  from  two  small  Pt- 
anodes,  which  were  connected  with  the  positive  pole  of  two  accumulators,  whilst  the 
negative  pole  was  attached  to  the  large  zinc  plate,  which  thus  served  as  cathode  for  both 
pairs  of  anodes.  The  formation  of  spongy  zinc,  however,  could  not  be  prevented  in  neutral 
solutions  by  this  arrangement. 

The  O  of  the  air  easily  oxides  zinc  in  presence  of  ZnC12,  and  a  certain  quantity  of  oxid 
formed  is  dissolved  by  the  solution  forming  basic  zinc  chloride.  Deposition  of  spongy  zinc 
only  occurs  when  the  excess  of  oxide  begins  to  render  the  electrolyte  turbid,  and  if  this 
precipitation  is  prevented  by  the  periodic  addition  of  hydrochloric  acid,  good  deposits  of 
zinc  can  be  obtained.  The  authors,  therefore,  recommend  that  the  electrolyte  should 
contain  a  quantity  of  free  HCl  corresponding  to  1-20  to  1-30  normal  solution.  The  acid 
may  be  increased  until  it  represents  1-10  normal  acid,  but  it  should  not  be  allowed  to  fall 
below  1-200  to  1-300  normal. 

If  this  slightly  acid  electrolyte  is  used  in  conjunction  with  the  arrangement  for  liberating 
free  Cl,  still  better  deposits  of  zinc  are  obtained.  When  the  solution  contains  0.2  gm. 
of  free  Cl  per  litre,  the  H  evolved  at  the  cathode  does  not  remain  sticking  to  the  electrode 
long  enough  to  impair  the  surface  of  the  deposit. 

Although  the  main  body  of  the  electrolyte  remains  slightly  acid,  it  sometimes  happens 
that  lead  (spong\')  deposits  of  zinc  are  obtained.  This  is  accounted  for  by  the  fact  that 
the  layer  of  electrolyte  in  contact  with  the  cathode  becomes  deprived  of  its  free  acid,  but 
this  difficulty  may  be  overcome  by  slightly  agitating  or  circulating  the  electrolyte. 

On  substituting  anodes  of  commercial  zinc  for  the  pure  Zn-  anodes,  the  Zn  deposited 
on  the  cathode  was  formed  to  be  entirely  free  from  arsenic. 

When  a  409c  boiling  solution  of  ZnC12  is  saturated  with  zinc  oxide  (the  Cd  subse- 
quently removed  by  treatment  with  pure  zinc),  electrolyzed  at  10°  C,  with  insoluble  (Pt) 
anodes,  good  deposits  of  zinc  are  obtained.  The  quantity  of  zinc  thus  deposited,  when 
compared  with  the  amount  of  copper  deposited  by  the  same  current  in  a  copper  voltmeter 
was  found  to  be  in  good  agreement  with  Faraday's  Law.  Ashcroft,  on  electrolyzing  a 
similar  solution,  found  that  the  zinc  deposited  in  the  first  two  hours  was  49%,  during  the 
next  two  hours  37^,  and  during  the  third  two  hours  14%  in  excess  of  that  required  by 
Faraday's  Law,  whilst  in  the  last  two  hours  the  theoretical  amount  of  deposited.  The 
authors  conclude  by  discussing  the  nature  of  spongy  zinc  and  the  effect  of  various  oxidizing 
and  reducing  agents  to  the  electrolyte.  The  addition  of  a  perfectly  neutral  solution  oi 
ammonium  persulfate  to  a  neutral  solution  of  zinc  chloride  furnished  good  deposits  of  zinc  on 
electrolysis,  whilst  on  the  addition  of  0.025%  of  H202,  the  formation  of  spongy  zinc  waB 
observed  after  electrolyzing    10  minutes. 
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Strzova,  W.,  Zalenze. 

A  process  for  the  electrolytic  extraction  of  zinc,  and  other  metals  from  ores  or  waste  con- 
taining them. 
British  Fat.  24307,  Nov.  17,  1898.     German  Pat.  118291.  Oct.  19,  1898. 

A  process  for  the  electrolytic  extraction  of  Zn  from  their  ores  or  waste  containing  them; 
in  which  the  pulverized  ore,  such  as  calamine,  blende  and  the  like,  or  waste  containing  Zn, 
such  as  zinc  ash,  etc.,  is  exposed  to  the  action  of  an  electric  current  directly  in  an  alkaline 
bath  (caustic  soda),  without  any  preliminary  chemical  treatment  whereby  the  zinc  and 
also  the  other  metals  present  are  at  once  in  such  bath  metallically  separted  at  the  cathode. 

Ing.\lls,  W.  R. 

The  Ashcroft  Process  for  the  treatment  of  mixed  lead  and  zinc  ores. 
Engineering  and  Mining  Journal,  Oct.  22nd,  1898. 

1899 

Anonymous. 

The  present  status  of  the  electrolytic  zinc  industry. 
Elektrochem.  Zeitschr.,  1899,  vol.  6,  No.  5,  pp.  99-100. 

CowPER- Coles,  Sher. 

The  electrolytic  treatment  of  complex  sulphide  ores. 
Electrician  1899,  vol.  44,  pp.  81-83,  111-13,  157-59. 

CowPER-CoLES,  Sher. 

Some  notes  on  the  electro  deposition  of  zinc  under  pressure. 
Electrician  (London),  1899,  vol.  44,  pp.  183. 

FoERSTER,  F.  and  Gunther,  O. 

Further  contribution  to  the  nature  of  zinc  sponge. 
Zeitscher.  f.  Elektrochemie,  1899,  vol.  6,  No.  22,  pp.  301-3. 
Berg.  u.  Huttenmann.  Zstcher.,  1899,  vol.  58,  pp.  17-9. 
Chem.  News,  1899,  vol.  80,  pp.  209-10. 

Kershaw,  J.  B.  C. 

The  electrolytic  methods  of  zinc  extraction. 

Electrical  Rev.,  1899.  July  7,  vol.  45,  No.  1128,  pp.  36-37;  43. 

1900 

Clancy,  J.  C,  and  Marsland,  L.  W. 

Process  for  the  elimination  of  zinc  from  sulphide  ores,  and   the  extraction  and  recovery 

oi  lead,  silver,  gold  and  other  metals  therefrom,  and  from  other  sulphide  ores. 

British  Pat.  4039,  Nov.  26,  1900. 

Abst.,  J.  Soc.  Chem.  Ind.,  1901,  vol.  20,  p.  481. 

Hoepfner,  C. 

Process  of  extracting  zinc  or  other  metals  from  their  ores. 

British  Pat.  15873,  6-IX-1900. 

German  Pat.  155065,  I-IV-1902. 

U.  S.  Pat.  704641,  July  IS,  1902. 

Abst.,  J.  Soc.  Chem.  Ind.,  1902,  vol.  12,  p.  1081. 

Kellner,  C.  Vienna, 

Extraction  of  zinc  from  waste  products. 

British  Pat.  7028,  Apr.  14,  1900.     U.  S.  Pat.  690295,  Dec.  31,  1901. 

Abst.,  J.  Soc.  Chem.  Ind.,  1901,  vol.  20,  p.  367. 

Rontschewsky,  J. 

Electrolytic  production  of  zinc  with  insoluble  anodes  and  simultaneous  recovery  of  the 

anode  material. 

Zeits.  f.  Elektrochemie,  1900,  vol.  7,  No.  2,  pp.  21-5. 

Worsey,  J.  W.,  and  Lancashire,  J.  H. 

Process  for  the  treatment  of  complex  ores  (Pb,  Zn,  S,  etc.). 

British  Pat.  3668,  Feb.  24,  1900. 

German  Pat.  135056,  Dec.  22,  1900. 

Abst.,  J.  Soc.  Chem.  Ind.,  1901,  vol.  20,  p.  367. 

1901 

MoND,  L.,  London. 

Method  of  obtaining  Zn  by  electrolysis  and  apparatus  for  that  purpose. 
British  Pat.  5764,  Mar.  19,  1901.     German  Pat.  134862,  Aug.  9,  1901. 

In  order  to  obtain  zinc  in  a  solid,  instead  of  a  spongy  form,  when  deposited  electro- 
lytically,  the  cathodes  are  made  cylindrical,  two  or  more  drums  being  pressed  against  each 
other  by  springs.  The  cylinders,  preferably  of  slightly  different  diameters  (to  avoid 
synchronism  during  rotation),  are  caused  to  revolve  whilst  the  current  is  passing,  and  an 
axial  reciprocating  motion  is  also  imparted  to  them,  so  that  the  zinc  immediately  after  it 
is  deposited  on  the  cylinders  becomes  compressed  while  passing  the  successive  lines  of  contact 
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of  the  cylinder  with  those  next  adjoining.  The  cylinders  may  be  rotated  separately,  or 
one  or  more  alone  be  rotated,  the  others  being  rotated  by  frictional  contact  with  them. 
Similarly  the  traversing  action  need  not  be  imparted  to  each  of  the  cylinders.  The  anodes 
are  preferably  shaped  with  corrugations,  corresponding  to  the  contour  of  the  cathrode 
drums,  so  that  the  inter-electrode  spaces  are  fairly  uniform.  Different  arrangements  of 
vertical  and  horizontal  cathode  cylinders  are  described  and  protected. 

Peters,  Fr. 

Principles  and  present  status  of  the  electrolytic  production  of  zinc. 

Berg.  u.  Huttenmann,  Ztg.,  1901,  vol.  60,  No.  49,  pp.  587-92;  No.  50,  p.  599-604. 

TossizzA,  C.  J.,  Paris. 

Electro-metallurgical  treatment  of  zinc  ores  and  especially  blende. 
British  Pat.  14825,  July  20,  1901.     U.  S.  Pal.  703857,  July  1,  1902. 

This  process  is  a  modification  of  that  described  in  British  Patent  14751,  1901,  which  is 
applicable  to  sulfide  ores  in  general,  but  is  not  suitable  to  those  of  Zn.  With  Zn  ores, 
the  electrolysis  is  carried  out  in  two  separate  operations.  In  the  first,  a  zinc  salt  is  electro- 
lyzed,  using  soluble  anodes,  at  a  voltage  below  that  required  for  decomposing  water; 
and  in  the  second,  the  salt  formed  at  the  anodes  by  the  previous  operation  is  decomposed, 
and  depolarization  and  reduction  of  voltage  are  ensured  by  maintaining  around  the  insoluble 
anodes  a  solution  of  sulphurous  acid  obtained  from  roasting  of  the  blende,  the  two  operations 
together  effecting,  it  is  stated,  electrolysis  of  zinc  sulphate,  and  producing  non-spongy  zinc, 
with  an  E.M.F.  of  about  1.75  volt,  or  less  than  that  required  for  a  direct  operation. 

1902 

Clancy,  J.  C,  and  Marsland,  L.  W. 

Process  for  the  treatment  of  zinc  sulphide  ores. 

U.S.  Pat.  715023,  Dec.  2,  1902. 

Abst.,  J.  Soc.  Chem.  Ind.,  1903,  vol.  22,  p.  33. 

Peters,  F. 

Progress  in  electrometallurgy. 

A  process  for  the  electrolytic  production  of  zinc  from  its  ores 

Berg.  u.  Huttenm.  Ztschr..  1902,  vol.  61,  p.  528. 

Sadtler,  S.  S. 

A  method  of  electrolytic  production  of  zinc  from  its  ores. 
Trans.  Amer.  Electrochemical  Soc,  1902,  vol.  1,  pp.  141-44. 
Discussion  pp.  144-46. 

Smith,  E.  F. 

Observations  on  the  electrolytic  precipitation  of  zinc  and  of  copper. 
J.  Amer.  Chem.  Soc,  1902,  vol.  24,  pp.  1073-76. 

1903 

Anonymous. 

Electrolytic  extraction  of  zinc. 
Genie  Civil,  1903,  vol.  43.  pp.  124-5. 

Amberg,  R. 

Electrolysis  of  alkaline  solutions  of  zinc. 

Ber.  Chem.  Gesells.,  1903,  vol.  36,  No.  11,  p.  2489-94. 

Abst.,  J.  Soc.  Chem.  Ind.,  1903,  vol.  22,  p.  955. 

GtJENTHER,  E. 

Electrolytic  zinc  extraction  by  the  Hoepfner  process. 
Engng.  &  Min.  Jour.,  1903,  May  16,  vol.  75,  p.  750. 

Hoepfner,  C. 

Process  of  obtaining  lead  or  other  metals  from  ores  or  matter. 

U.S.  Pat.  735098,  Aug.  4,  1903. 

Abst.,  J.  Soc.  Chem.  Ind.,  1903,  vol.  22,  p.  1001. 

Hollard  et  Bertiaux. 

Influence  of  gases  upon  the  separation  of  metals  by  electrolysis;  separation  of  nickel  and  zinc. 
Compt.-Rendus,  1903,  vol.  137.  pp.  853-5. 

Kaiser,  K. 

Process  for  obtaining  zinc  by  electrolysis. 

French  Pat.  333773,  July  11,  1903.     British  Pat.  15420,  11-VII,  1903. 

Abst.,  J.  Soc.  Chem.  Ind.,  1903.  vol.  22.  p.  1356. 

Sadtler,  S.  S. 

A  method  for  the  electrolytic  extraction  of  zinc  from  its  ores. 
Elecktrochem.  Zeitschrift,  1903-04,  vol.  10.  pp.  1-3. 
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Strzoda,  W. 

A  few  facts  regarding  the  electrolytic  production  of  metals,  in  the  wet  way,  with  particular 

reference  to  the  production  of  zinc. 

Chem.  Ztg.,  190.?,  vol.  i7-II,  p.  741. 

Abst.,  J.  Soc.  Chem.  Ind.,  1903,  vol.  22,  p.  95.5. 

1904 

Br.\ndiiorst,  H. 

Contributions  to  the  metallurgy  of  zinc. 

Z.  Agnew.  Chem.,  1901,  vol.  17,  pp.  514-517. 

Abst.,  J.  Soc.  Chem.  Ind.,  1904,  vol.  2.3,  p.  491. 

BviRi.EiGH.  Cn.  H. 

Klectrolvtic  production  of  zinc  and  lead  from  complex  sulphide  ores 
Electrochemical  Industry,  1904,  Sept.,  vol.  2,  No.  9,  pp.  355-57. 

GUNTHER,  E. 

Die  Darstelhmg  des  Zinks  auf  elektrolvtischen  Wege.     Book. 
W.  Knapp,  Halle.     Price  10  Marks. 

Hfss,  J. 

Electrolytic  production  of  zinc. 

Zeitschr.  f.  Elektrochem.,  1904,  vol.  10,  pp.  686-93;  764-68. 

A  complete  review  up  to  1904. 

Kershaw,  J.  B.  C. 

Notes  on  progress  made  in  Europe  aind  America  in  industrial  electro-chemistry  and  electro- 
metallurgy. 
Electr.  Rev.  (N.Y.").  1904,  vol.  44,  p.  325. 

Laszeznski. 

Electrolytic  deposition  of  zinc  and  copper  from  ores. 
U.S.  Pat.  757817.  Apr.  19,  1904. 
Metallurgie,  1904,  vol.  1,  pp.  439-441. 

Swinburne,  J. 

Chlorine  in  metallurgy. 

Paper  read  at  the  International  Electrical  Congress  of  St.  Louis  (Mo.),  1904. 

Abst.,  Electrochem.  Industry,  1904,  vol.  II,  No.  10,  p.  404. 

1905 

Decker  Manuf.^ctltring  Co. 

Electrolytic  recovery  of  Zn,  Mg  and  other  substances  in  acid  or  neutral  solution. 
French  Pat.  352029,  Mar.  3,  1905.     German  Pat.  184516,  Mar.  1,  1905. 
Abst.,  Z.  Agnew,  Chemie,  1908,  v.  21,  p.  320. 

The  invention  relates  to  an  apparatus  comprising  a  tub  containing  the  electrolytic 
solutior,  the  vessel  being  closed  by  a  partition  pierced  with  one  or  more  openings,  in  each 
of  which  is  lodged  a  trough.  The  ends  of  each  trough  are  furnished  with  projecting  pieces 
fitting  into  the  ends  of  the  trough  below,  and  the  sides  are  sloping,  the  bottom  being  inclined 
towards  the  outside.  The  troughs  contain  Hg,  which  closes  the  openings  of  the  partition, 
and  the  troughs  are  all  connected  together  electrically.  Tire  troughs  are  also  provided 
with  overflow  pipes,  so  that  the  Hg  mercury  poured  into  the  upper  trough  passes  down 
successively  from  one  trough  to  the  next  below. 

FERCHI..1.ND,  P. 

Electrodes  for  electrolytic  purposes. 

British  Pat.  24806,  Nov.  5,  1906.     German  Pat.  206329,  Nov.  10,  1905. 

French  Pat.  371245,  Nov.  8,  1906.     U.S.  Pat.  900.502,  Oct.  6,  1908. 

Lead  peroxide  (Pb02')  is  deposited  electrolytically  in  a  compact  form  from  solutions 
of  lead  salts  on  all  sides  of  suitable  conductors,  the  latter  being  rotated  around  their  own 
axis  during  deposition;  the  conductors  are  afterwards  removed. 

Langbein,  Dr.  G.,  &  Co. 

New  Process  for  the  electro-deposition  of  zinc  and  its  alloys. 
French  Pat.  358622,  Oct.  18,  1905. 

The  process  of  electro-deposition  of  Zn  upon  metallic  objects  is  improved  by  the  addition 
of  urea  to  the  bath.  Double  salts  which  are  readily  soluble  are  formed,  and  a  high  current 
density  can  be  maintained  without  resulting  in  the  production  of  a  spongy  deposit. 

Peters,  Fr. 

Contribution  to  the  electrometallurgy  of  zinc. 
Gluckauf,  1905,  Dec.  2,  vol.  41,  pp.  1496-1502. 
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TossizzA,  C.  J.,  Paris. 

Electrolytic  extraction  of  zinc  from  its  ores. 

French  Pat.  370803.  Dec.  30.  1905.     German  Pat.  182736.  Dec.  28,  1905. 

Salts  of  Zn  are  electrolyzed.  using  insoluble  anodes,  in  a  vat  divided  into  two  com- 
partments by  a  porous  diaphragm.  The  solution  in  the  anode  compartment  is  saturated 
with  S02  to  act  as  a  depolarizer,  in  order  to  permit  electrolysis  to  be  carried  on  with  a  low 
and  constant  voltage.  Around  the  cathode  is  maintained  a  liquid  charged  with  substance 
which  will  neutralize  the  free  H2S04  produced  at  the  anodes.  Evolution  of  H  at  the 
cathode  is  thus  avoided,  and  good  deposits  of  Zn  are  obtained. 

1906 

Engelhardt,  v.     Assigner  to  Siemens  &  Halske  Akt.-Ges. 
Electrolysis  of  zinc  sulphate. 
U.S.  Pat.  831843,  Sept.  25,  1906. 

Abst.,  Electrochem.  &  Metallurg.  Industry,  1906,  vol.  4,  No.  10,  pp.  416-17. 
Elektrochem.  Zeitschrift,  1906-07,  vol.  13,  p.  204. 

Price,  J.  S.,  and  Jxtoge,  G.  H.  B. 

Electrolytic  deposition  of  zinc,  using  a  rotating  electrode. 
Trans.  Faraday  Society,  June  12,  1906. 

The  authors  studied  the  quantitative  determination  of  zinc  in  zinc  sulphate  solutions, 
using  the  rotating  electrodes  recommended  by  Perkin  (J.  Soc.  Chem.  Ind.,  1903,  p.  1065. 
fig.  3).  The  solution  is  contained  in  a  tap-funnel  of  about  100  cc.  capacity.  Quantitative 
results  are  obtained  if  the  solution  is  kept  cool,  even  when  the  zinc  sulphate  solution  is 
initially  slightly  acid.  The  addition  of  sodium  acetate  and  Na2S04  was  tried,  and  in 
the  latter  case  good  results  were  obtained.  A  modified  form  of  Kollock  and  Smith's 
apparatus  (J.  Soc.  Chem.  Ind.,  1905,  v.  24,  p.  1127)  is  also  described,  in  which  a  mercury 
cathode  and  rotating  anode  are  employed.  Here  again  a  cylindrical  vessel  provided  with 
a  tap  is  used  to  contain  the  electrolyte,  and,  after  the  completion  of  the  experiment  the 
Zn-  amalgam  can  be  run  off  through  the  tap,  and  subsequently  weighed. 

1907 

Anonymous. 

Electrolysis  of  zinc  sulphate. 

Rev.  Indust.,  1907,  vol.  38,  p.  78-9. 

Reference  is  made  to  Price  and  Judge's  work  as  published  in  the  Faraday  Soc.  Trans. 

Engelhardt,  V.,  and  Huth,  M. 

Charlottenburg.     Assignor  to  Siemens  &  Halske  A-C.     Berlin. 

Electrolytic  winning  of  zinc  in  compact  form  from  solutions  of  zinc  sulphate  without  the  use 

of  a  diaphrig'n. 

French  Pat.  375140,  Feb.  28,  1907.     U.S.  Pat.  935250.  Sept.  28,  1909. 

Under  ordinary  conditions  it  is  found  that  Zn  electrolytically  deposited  from  sulphate 
solutions  redissolves  so  soon  as  the  electrolyte  contains  any  considerable  amount  of  free 
acid.  This  is  specially  disadvantageous,  since  the  metal  obtained  from  metal  solutions 
is  well  crystallized  and  free  from  oxide.  The  inventors  have  found  that  the  solubility  is 
caused  by  the  presence  of  metallic  impurities,  which  dissolve  in  minute  quantity  from  the 
Pt,  Pb,  or  C-anodes  previously  employed,  and  become  deposited  on  the  cathode.  The 
present  invention  consists  in  using  anodes  of  Pb02,  either  in  the  form  of  compact  pieces 
without  metallic  support,  or  with  a  support  of  some  insulating  material,  which  is  not 
attacked  by  the  acid  solution,  and  which  serves  to  augment  the  mechanical  compactness 
of  the  Pb02. 

GOLDSCHNUDT,  R. 

Notes  on  the  electrolytic  deposition  of  zinc  from  aqueous  solutions  of  zinc  fluosilicate. 
Revue  d'Electrochimie  et  d'EIectrometallurgie  1907,  vol.  1,  pp.  276-77. 

Paweck,  H.  Vienna. 

Electrodeposition  of  zinc. 

British  Pat.  8562,  Apr.  12,  1907.     French  Pat.  386678,  Apr.  15,  1907. 

Zinc  is  deposited  electrolycically  from  a  bath  containing  one  or  more  salts  of  conductive 
salts  or  other  substances.  The  liquid  is  maintained  neutral,  or  preferably  slightly  acid,  by 
intermittent  and  continuous  regeneration,  and  contains  250  grms.  of  Zn-salt  per  litre  of 
water,  or  more,  up  to  the  point  of  saturation.  The  continuous  regeneration  of  acid  is  affected 
by  the  addition  of  substances  which  yield  H-ions  in  aqueous  solution,  so  that  these  need  only 
be  added  at  long  intervals.  Substances  such  as  boric  and  phosphoric  acid  and  the  like,  may 
also  be  added,  these  being  ionized  to  a  smaller  degree.  These  compounds  act  as  a  reserve, 
and  come  into  action  on  the  exhaustion  of  the  hydrogen  ions  in  the  substance  used  for  con- 
tinuous regeneration. 

Price,  T.  S.  and  Dudge,  G.  H.  B. 

The  electrolytic  deposition  of  zinc  while  using  rotating  electrodes. 

Transl.  from  advance  copy  in  Elektrochem.  Zeitschr.  1907,  vol.  13,  pp.  233-37  and  vol.  14, 

pp.  113-6. 
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Snowdon, 

Electrodeposition  of  zinc. 

Amer.  Electrochem.  Soc.  Trans.  1907,  vol.  11,  pp.  121-134. 

Abst.,  Chem.  Ztg.,  1007.  vol.  31,  p.  739. 

1908 

Bechi,  and  Rucker,  R.  W. 

Process  for  treatment  of  complex  zinciferous  ores. 
Mines  and  Minerals,  1908,  vol.  28,  p.  298. 

Price,  T.  Slater. 

The  electrolytic  deposition  of  zinc,  using  rotating  electrodes.  (II) 
Chem.  News,  1908,  Feb.  21,  vol.  97,  pp.  89-90;  99-102. 

Siemens  and  Halske  Akt. — Ges.,  Berlin. 

Process  for  removing  iron  from  zinc  sulphate  solutions  to  be  used  for  the  electrolytic  separ- 
ation of  zinc  by  means  of  peroxide  and  zinc  oxide. 
German  Pat.  213004,  Apr.  12,  1908. 

MnOi  is  used  for  the  oxidation  of  the  Fe"  contained  in  ZnS04  solutions,  with  a  view  to 
the  subsequent  precipitation  of  the  Fe  with  ZnO.  The  Mn02  is  regenerated  during  the 
electrolytic  separation  of  the  zinc  from  the  purified  solution. 

Sanna,  E. 

Process  for  the  utilization  of  spongy  zinc  obtained  electrolytically. 
German  Pat.  217632,  Oct.  6,  1908.     British  Pat.  24631,  Oct.  26,  1909. 

The  spongy  zinc  is  washed  in  a  solution  of  NaN03,  and  then  while  still  moist  is  heated 
to  100-150°  C.  and  simultaneously  exposed  to  a  pressure  of  about  1000  kilos,  per  sq.  cm. 
It  is  stated  that  dense  metallic  Zn  is  readily  obtained  in  this  way. 

Williams,  J.  R.  and  Bradley,  H.  W.  and  B.,  Shefifield. 

Process  for  obtaining  zinc  or  copper  from  complex  ores  or  the  like. 
British  Pat.  26711,  Dec.  9,  1908.  Austrian  Pat.  6141,  Aug.  9,  1909. 
Abst.,  J.  Soc.  Chem.  Ind.,  1910,  vol.  29,  p.  160. 

1909 

HuTH,  M.,  Assignor  to  Siemens  and  Halske  A.-G.,  Berlin. 

Apparatus  for  the  electrolysis  of  aqueous  solutions  of  zinc  sulfate. 
U.S.  Pat.  935109,  Sept.  28,  1909.    British  Pat.  605.  Jan.  9„  1909. 

For  the  electrolysis  of  zinc  sulphate  solutions,  or  solutions  of  other  sulphates,  the  anode 
consists  of  masure  artificially  prepared  manganese  peroxide  free  from  constituents  sus- 
ceptible to  the  action  of  the  electrolyte,  and  coated  with  ceresin.  The  anodes  are  prepared 
from  a  mixture  of  pure  manganese  nitrate  and  a  binding  agent,  the  mixture  being  pressed 
into  moulds  and  heated. 

Isherwood,  P.  C.  C,  Leytonstone. 

Treatment  of  refractory  zinc-lead  ores. 

British  Pat.  21584,  Sept.  21,  1909.     French  Pat.  420510,  Sept.  17,  1910, 

German  Pat.  238890,  Apr.  2,  1910. 

Abst..  J;  Soc.  Chem.  Ind.,  1910,  vol.  29,  p.  1391. 

Siemens  and  Halske,  A.-G.,  Berlin. 

Process  for  the  electrolytic  production  of  zinc  from  zinc  pyrite  cinders  or  other  low-grade 
zinc-bearing  raw  materials,  in  which  the  raw  material  is  leached  out  after  a  chloridizing  roast. 
German  Pat.  233252,  class  40c,  from  Nov.  17,  1909. 
Abst.,  Z.  angew.  Chemie,  1911,  vol.  24,  p.  814. 

Stoger.  Walther. 

Electrolytic  zinc  production. 

Oesterr.  Zeitschrift  f.  Berg-  u.  Hiittenwesen.  1909.  v.  57.  no.  1,  p.  1-5.  Ills. 

The  author  describes  in  detail  a  process  which  is  suitable  even  for  low  grade  ores.  A 
very  pure  product  is  obtained  and  the  yield  is  between  90  and  97%  of  the  original  zinc 
content.  The  ore  is  roasted  at  a  low  temperature,  the  product  extracted  with  dilute  H2S04, 
the  solution  carefully  freed  from  metals  of  the  Cu  and  As  groups,  and  the  zinc  deposited  by 
the  electric  current  using  Zn  cathodes  and  Pb  foil  anodes.  From  a  bath  of  8  cathodes,  and 
a  current  of  1500  amperes  and  4  volts,  41.5  kg.  of  zinc  are  obtained  in  one  day. 

1910 

Engelhardt,  v.  and  Huth,  M. 
Electrolytic  extration  of  zinc. 
Mettallurgie  1910,  v.  7,  p.  1-5. 

Since  the  purity  of  the  electrolyte  is  one  of  the  essential  conditions  necessary  for  the 
electro-deoosition  of  zinc,  the  use  of  a  soluble  anode,  as  in  copper  refining,  is  inapplicable, 
owing  to  the  impurities  of  the  anode  contaminating  the  bath.  The  chloride  and  sulphate  also 
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are  the  only  salts  economically  available.  Using  the  former  of  these,  the  Hoepfner  process 
has  been  in  successful  operation  for  a  year  in  spite  of  the  difficulty  of  keeping  the  atmosphere 
free  from  chlorine.  The  greatest  difficulty  in  the  economical  application  of  this  process  is  the 
profitable  disposal  of  the  bleaching  powder  produced.  The  electrolysis  of  the  sulphate  appears 
to  be  more  likely  to  be  successful  with  ores  low  in  zinc  content,  the  sulfuric  acid  produced 
at  the  same  time  being  used  again  for  the  extraction  of  more  ore.  The  causes  of  a  spongy 
deposit,  and  the  condition  necessarj'  for  the  formation  of  a  coherent  metal  are  discussed. 
With  the  use  of  lead  peroxide  (Pb02;  at  the  anode,  a  coherent  electrolytic  zinc  has  been 
obtained,  containing  99.98  %  of  zinc,  with  the  consumption  of  3.9  kilowatt-hours  per  kilo 
(2.2  lb.  of  zinc),  and  the  production  of  sulfuric  acid  of  10%  concentration.  The  authors  cal 
attention  to  the  advantages  and  successful  use  of  manganese  peroxide  as  the  anode. 

Freukdlich,  H.  and  Novikow,  VV. 

Electrolvtic  formation  of  zinc  leaf  on  surfaces. 
Z.  Elektroch-m.  1910.  v.  16,  p.  394-400. 

The  authorities  have  attempted  to  throw  further  light  on  the  phenomenon  investigated  by 
Mylius  and  Fromm  (Med.  Ann.  1894,  v.  51,  p.  593.;  If  commercial  zinc  sulphate  is  electro- 
lyzed  in  a  fiat  dish  with  a  platinum  point  just  at  the  surface  of  the  liquid  as  the  cathode,  the 
Zn  separates  as  a  thin  lustrous  film  round  the  cathode.  Mylius  and  From  discovered  that  O 
was  necessary  for  the  occurrence  of  the  phenomenon  and  the  present  authors  have  further 
established  that  there  must  also  be  on  the  surface  of  the  electrolyte  a  film  of  some  insoluble 
liquid.  The  necessary  presence  of  oxygen  is  not  accounted  for  by  oxidation  of  the  zinc,  bu; 
by  its  favorable  influence  on  the  preliminary  separation  of  amorphous  zinc  sponge.  Many 
subst  ances  (ammonium  salts,  tartaric  and  citric  acids,  potassium  cyanide)  prevent  the 
separation  of  zinc  as  a  surface  fUm,  probably  because  they  accelerate  the  transformation 
of  zinc  sponge  into  the  crystalline  variety.  The  separation  of  zinc  sponge,  and  the  binding 
of  this  into  a  surface  film  by  the  necessary  layer  of  non-miscible  material  seem  to  be  the 
only  phenomena  involved.  The  binding  material  may  be  an  insoluble  solid  material  so  long 
as  it  gives  the  necessary  thickness  of  O.i  to  2  micro-millimeters. 

Kern,  E.  F.,  KnoxvUle,  (Tenn.),  Assignor  to  P.  S.  Brown,  N.Y. 
Electrolyte  and  method  of  electro-depositing  zinc. 
U.S.  Pat.  967200,  Aug.  16,  1910. 

The  electrolyte  consists  of  a  solution  of  zinc  fluosilicate,  a  fluosilicate  of  metal  standing 
higher  than  zinc  in  the  solution  pressure  series,  such  as  the  aluminium  salt,  an  organic 
addition  agent  and  ammonium  fluoride.  The  last  salt  may  be  added  periodically  in  portions 
during  the  electrolysis  and,  as  an  organic  agent,  grape  sugar  (dextrose)  may  be  employed. 

Sann.\,  E. 

Electrolytic  process  for  low-grade  zinc  ores. 
Engng.  Mining  Jour.,  1910,  v.  89,  p.  1106. 

The  author  refers  briefly  to  the  various  methods  devised  for  obtaining  Zn  by  means 
of  the  electric  current  and  recommends  his  own  process  which  is  of  special  advantage  for 
the  treatment  of  low  grade  zinc  ores  and  low-grade  dumps.  The  zinc  mineral  is  dissolved  by 
alkaline  salts,  followed  by  electrolytic  separation.  The  Zn  is  obtained  as  a  metallic  sponge 
which  is  then  shaped  in  compact  blocks  by  means  of  pressure  and  heat  combined.  The 
author  estimates  the  cost  of  treatment  at  $75  per  ton  of  Zn  produced. 

1911 

Dekker,  N.  H.  M.,  Paris. 

Treatment  of  ores. 

British  Pat.  18488,  Aug.  16,  1911.     French  Pat.  445768,  July  4,  1912. 

Abst.,  J.  Soc.  Chem.  Ind.,  1912,  vol.  31,  p.  930. 

Chem.  Techn.  Repert.  1913,  vol.  37.  p.  87. 

HuTH,  M.,  Assignor  to  Siemens  and  H.\iske  A.-G.,  Berlin. 
Manufacture  of  manganese  peroxide  anodes. 

British  Pat.  15128.  June  28.  1911.  (Addition  to  Br.  P.  605-1909).  U.S.  Pat.  1043537, 
Nov.  12,  1912. 

The  anodes  of  Mn02,  manufactured  as  described  in  the  main  patent,  are  made  more 
electrically  conductive  by  embedding  conductors  in  the  form  of  rods  or  pieces  of  Pb02  in 
the  manganese  nitrate,  or  by  mixing  manganese  nitrate,  and  crystalline  manganese  peroxide. 

Kern.  E.  F.,  Assignor  to  P.  S.  Brown.  Xew  York. 

Electrolyte  for  zinc,  and  method  of  depositing  zinc. 

U.S.  Pats.  999655,  Aug.  1,  1911.     German  Pat.  244432,  Jan.  26.  1911. 

The  electrolyte  is  a  solution  of  ZnC12  containing  Al^Cie  or  another  metal.  with_  or 
wdthout  an  alkali  chloride.  It  may  also  contain  grape  sugar  or  some  other  organic  addition 
agent. 

(2)  The  electrolyte  is  a  solution  containing  ZnC12  and  a  double  chloride  of  Al  and  another 
metal  which  may  be  one  of  the  alkalis.   The  alkali  chloride  may  also  be  in  excess. 

Larson.  J.  P.  A-  and  Helme.  G.  K.  L. 

Process  for  the  recoverj'  of  zinc,  cobalt,  etc..  from  the  end-lyes  of  copper  extraction. 
Swedish  Pat.  34407.  July  24.  1911.   German  Pat.  80525,  Nov.  24,  1912. 
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The  end-lye  is  treated  with  an  electric  current  of  about  4  to  6  v.  in  order  to  decompose 
the  Zn  and  Co  salts,  tlie  strength  of  current  being  between  2  and  10  am.  per  sq.  m.  An 
insohible  anode  is  employed,  but  no  diaphragm  is  placed  between  the  anode  and  the  cathode. 
The  Zn,  Co,  and  Cu  deposit  on  the  catliode,  while  the  acid  or  the  CI,  not  bound  by  the 
base,  is  neutralized  with  metals,  metal  oxids  or  metal  hydroxides,  etc.  The  solution  is 
finally  diluted  in  order  to  precipitate  the  Fe  compounds. 

Marino,  P. 

Method  of  reducing  soluble  metal  salts  for  the  purpose  of  subsequently  electrolytically 

depositing  the  metals  present  in  said  salts. 

British  Pat.  24562,  Nov.  4,  1911.     French  Pat.  449822,  Oct.  24.  1912. 

Abst..  Chem.  Ztg.  Rep.  1913.  v.  37,  p.  267. 

The  electrolyte,  for  use  in  the  deposition  of  a  metal  or  metallic  alloy,  is  prepared  from 
an  aqueous  solution  of  the  salt  or  salts  of  the  metal  or  metals  to  be  deposited,  to  which  is 
added  an  organic  reducing  agent,  such  as  magnesium  boro-citrate.  The  mixture  is  heated 
and,  when  cold,  an  organic  reducing  agent,  such  as  gluco-citric  or  gluco-tantaric  acid,  is 
added  to  complete  the  dissociation  of  the  salts  in  the  solution. 

Matuchek,  J. 

Electrolytic  deposition  of  zinc. 
German  Pat.  244930,  Apr.  22,  1911. 

An  aqueous  solution  of  Zn  fluoride,  alone  or  with  other  zinc  salts  such  as  the  sulphate,  and 
preferably  with  addition  of  NH4Fe,  is  used  as  electrolyte.  Special  claim  is  made  for  an 
electrolyte  composed  of  500  cc.  of  a  solution  containing  873  grms.  of  zinc  sulphate. 

Namekawa,  K.,  Mijazawa,  K.  and  Emura,  S.,  Tokyo,  (Japan), 
Electrolytic  refining  of  zinc. 

U.S.   Pat.  998379,  July   18,   1911.     German  Pat.  264071,  Mar.   15,   1911.     French  Pat. 
430167.  Mar.  16.  1911. 

The  zinc  is  deposited  from  a  zinc  sulphate  solution  on  a  suitable  cathode  and  in  order  to 
increase  the  conductivity  a  current  is  passed  from  the  solution  to  the  lead  anode  at  intervals, 
by  which  means  the  lead  sulphate  is  converted  into  lead  oxide  which  can  easily  be  removed 
from  tlie  surface  of  the  anode.  The  zinc  is  obtained  as  a  coherent  deposit  by  adding  to  the 
electrolyte  a  compound  of  vegetable  origin  which  has  been  heated  almost  to  the  point  of 
carbonization,  and  thick  deposits  are  obtained  by  using  a  number  of  cathodes  and  lead 
anodes  in  a  similar  manner. 

Paulin,  J.  G. 

Electrolysis  of  electrolytes  in  movement. 

French  Pat.  441316,  Mar.   13.   1912.     British  Pat.  6261,  Mar.   13,   1912.     German  Pat. 

259151,  Apr.  7,  1911. 

The  anode  consists  of  a  thick  perforated  plate  of  lead,  and  the  cathode,  of  a  thick  per- 
forated plate  of  zinc,  if  zinc  sulphate  is  to  be  electrolyzed.  The  electrolyte  enters  through  a 
tube  and  traverses  a  porous  diaphragm,  the  sulfuric  acid  formed  leaving  through  another 
tube.  In  order  to  regulate  the  speed  of  the  electrolyte  and  keep  it  as  nearly  as  possible 
uniform,  a  small  sample  of  the  liquid,  near  the  upper  end  of  the  lower  diaphragm,  is  led 
off  through  a  tube  to  an  electrolytic  cell  containing  suitable  electrodes.  If  the  amount  o- 
the  sulphuric  acid  in  the  escaping  electrolyte  rises  above  a  certain  percentage,  a  relay  inf 
terrupts  the  current  in  a  coil,  and  a  valve  is  opened,  thus  admitting  more  electrolyte  through 
the  tube.  The  speed  of  the  electrolyte  is  thus  increased  until  the  electromotive  force  of 
the  cell  falls  to  the  normal  amount,  when  the  throttle-valve  is  again  partially  closed  by  the 
passing  of  the  current  in  the  coil.  This  method  of  regulation  may  be  employed  for  the  elec- 
trolysis of  Na  CI,  Na2S04,  ZnS04,  etc. 

Siemens  &  Halske,  A.-G.,  Berlin. 

Manufacture  of  manganese  peroxide  anodes. 

British  Pat.  15128,  June  28,  1911.     (Addition  to  British  Pat.  605,  Jan.  9,  1909.} 

Abst.,  J.  Soc.  Chem.  Ind.,  1911.  vol.  30,  p.  1168. 

Tainton,  U.  C.  and  Pring,  J.  N. 

Electrodeposition  and  refining  of  zinc. 

British  Pat.  7235,  Mar.  23,  1911.     U.S.  Pat.  1059233.  Apr.  15.  1913.     French  Pat.  441476, 

Mar.  18.  1912. 

The  metal  is  deposited  from  a  solution  of  a  zinc  salt  (sulphate)  containing  from  10  to  30% 
of  (sulphuric)  acid  and  from  0.1  to  1.0%  of  a  celloid  agent  (gum  tragacanth).  A  high 
current  density  (up  to  500  amperes  per  sq.  foot  of  cathode  surface)  is  employed  and  it  is 
stated  that  the  metallic  deposits  produced  are  smooth,  lustrous  and  of  fine  quality.  The 
electrolyte,  primarily  intended  for  the  deposition  of  zinc  upon  metallic  surfaces,  may  be 
employed  in  the  refining  of  zinc  and  also  for  secondary  batteries  or  accumulators  in  which 
a  zinc  cathode  is  used.  Claim  is  also  made  for  the  process  of  obtaining  zinc  by  treatment  of 
the  latter  is  acid  and  deposition  of  metal  from  the  resulting  solutions  by  the  above  means. 

Whitfield.  R.  C.  V. 

Electrolytic  extraction  of  zinc. 

Iron  and  Coal  Trades  Rev..  1911,  v.  82,  p.  707. 

Reprinted  in:  Min.  &  Engng.  World.  1911.  v.  34.  p.  1128. 
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Theoretically,  the  electrolytic  extraction  of  Zn  is  a  comparatively  simple  matter,  but 
technical  difficulties  are  so  great,  and  the  operative  cost  is  so  high  that  results  have  not  been 
in  any  way  satisfactory.  With  the  market  price  of  zinc  approximately  28  per  ton  it  follows 
that  there  are  fixed  and  definite  limitations  to  the  cost  of  production,  and  that  if  ores  and 
zinc-bearing  materials  are  to  be  treated  in  a  preliminary  operation,  such  acids,  etc.,  can  be 
used  as  will  increase  the  productive  cost  only  to  an  extent  sufficient  to  permit  ample  margin 
remaining  to  cover  the  cost  of  raw  materials,  electrolysis,  melting  of  deposited  metal, 
wages,  depreciation,  and  all  items  of  expenditure,  while  still  leaving  a  reasonable  surplus 
between  productive  cost  and  market  value,  as  profit. 

1912 

Belasio,  R. 

Electrolytic  determination  of  zinc  in  presence  of  ammonium  salts. 
Ann.  Lab.  Chim.  Centr.  delle  Gabelle,  1912,  v.  6,  pp.  239-44. 

In  presence  of  ammonium  salts,  none  of  the  usual  methods  for  the  electrolytic  determina- 
tion of  Zn  is  applicable;  dark  spongy  deposits  being  obtained.  Good  results  can,  however,  be 
obtained  if  the  zinc  be  converted  into  oxalate  and  electrolyzed  in  presence  of  lactic  acid 
and  sodium  of  K  lactate.  The  solution  containing  0.1  to  0.3  grm.  of  zinc  as  sulfate,  and 
which  may  also  contain  ammonium  sulphate  and  ammonia,  is  rendered  slightly  acid,  then 
diluted  to  200  cc,  and  after  dissolving  3  grms.  of  ammonium  oxalate  and  5  grms.  of  K2S04 
therein,  the  Zn  is  deposited  by  electrolyzing  for  2-3  hours  with  a  current  of  0.4-0.5  ampere  at 
3-3.5  volts,  then  adding  2  cc.  of  lactic  acid,  and  electrolyzing  for  about  1  hour  with  a  current 
of  1  ampere. 

BUDDEUS,  W. 

Process  for  obtaining  zinc  liquors  free  from  iron  from  liquors  containing  FeO. 
German  Pat.  273064,  Dec.  12,  1912. 

Such  liquors,  as,  e.g.  the  waste  liquors  from  the  Cu  extraction  of  ores  and  cinder  con- 
taining Cu  and  Zn,  from  which  the  Cu  has  been  separated  by  Fe,  are  precipitated  with  so 
much  base  or  carbonate  that  all  the  Fe4  and  ZnO  is  separated.  The  filtered  and  washed 
slime,  which  contains  CaS04,  if  precipitated  with  lime,  is  dried  with  admission  of  air. 
During  the  drying,  all  the  Fe"0  is  oxidized  to  Fe203.  Fromt  he  product  which  consists 
now  of  Fe2  03,  ZnO  and  CaS04,  the  Zn  can  be  removed  by  acids  in  the  form  of  its  salts, 
since  it  dissolves  before  the  Fe403.  The  amount  of  acid  required  by  the  Zn  need  be  added, 
and  the  Zn-salt  removed  by  pressing  and  washing.  The  Fe-free  Zn  liquors  can  be  worked 
up  into  Zn  products  or  metallic  Zn,  by  the  known  processes. 

Engezhardt,  V. 

Recent  advances  in  the  electrolysis  of  aqueous  zinc  solutions. 
Metall.  u.  Erz.,  192-3.  v.  1,  1912,  p.  60-72. 

French,  A.  G. 

Process  for  treating  complex  zinc-lead  ores  containing  manganese. 

French  Pat.  449569,  Oct.  18,  1912.     British  Pat.  22078,  Sept.  28,  1912.     U.S.  Pat.  1041060, 

Oct.  IS,  1912. 

The  ore  is  roasted  and  then  mixed  with  from  5  to  15  %  (on  the  original  ore)  of  pulverized 
sodium  bisulphate.  The  mixture  is  heated  to  dull  redness  in  a  reverberatory  furnace,  the 
temperature  being  kept  below  the  sintering  point  in  order  to  retain  the  mass  in  a  loose 
powdery  form,  and  then,  after  cooling,  soluble  sulphates  are  recovered  by  ILxiviation  with 
wi\ter  containing  a  small  proportion  of  sodium  bisulphate.  The  process  is  intended  specially 
for  the  separation  of  zinc  and  manganese  from  complex  ores. 

Freundlich,  H.  and  Fischer,  J. 

Influence  of  colloids  on  the  electrolytic  deposition  of  lead. 
Z.  Blektrochem,  1912,  v.  18,  p.  885-91. 

The  effect  of  a  number  of  colloids  (gelatine,  agar-agar,  casein,  dextrin,  gum  tragacanth) 
on  the  electrolysis  of  lead  silicoflucride  and  perchlorate  has  been  studied  by  the  authors. 
These  two  salts  are  the  ones  which  under  normal  conditions  give  use  to  the  most  satisfactory' 
deposits  of  the  metal.  In  each  case  conditions  were  chosen  where  the  deposit  was  decided  by 
loose  and  then  the  minimum  concentration  of  the  colloid  which  produced  a  definitely  smooth 
deposit  was  determined.  These  concentrations  were  compared  with  the  protective  action 
of  the  substances  upon  colloidal  gold.  The  following  figures  show  that  for  the  author's 
experimental  conditions  there  is  no  parallel  between  the  behaviour  of  the  colloid  in  those  two 
cases: 


Colloid 


Minimum  concentration  in  grams 
per  litre  to  give  a  good 
deposit  with: 


Lead  silicofluo- 
ride  10.8  amp. 


Lead  perchlorate 
2  amp. 


Gold  number  in 
mgrms.  per  litre 


Agar-agar 

Gelatin 

Dextrin 

Gum  Tragacanth 
Casein 


0.3 
0.6 
1.0 
1.2 
1.2 


0.2 
0.3 
0.4 


0.6 
0.15 
1200 
300 
0.6 
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The  general  conclusion,  however,  is  that  in  electrolysis  the  colloid  is  absorbed  by  the 
metal,  causing  a  reduction  in  the  velocity  of  crystalli2ation,  which  in  turn  leads  to  a  dense 
compact  deposit.  This  assumption  is  supported  by  the  observation  that  a  similar  influence 
on  the  form  of  separation  is  observed  when  lead  is  deposited  from  its  salts  by  means  of 
metallic  zinc. 

Larson,  J.  P.  A.  and  Laur.  G.  K. 

Electrodeposition  of  zinc,  cobalt  and  other  values  from  the  waste  liquors  of  Cu  e.\tractiont 
while  at  the  same  time  rendering  tlie  liquors  harmless. 
German  Pat.  280525,  Nov.  24.  1912. 

IsHERWooD.  P.  C.  C,  Bushey  Heath  (Herts.) 
Treatment  of  refractory  zinc-lead  ores. 
British  Pat.  22855.  Oct.  7,  1912. 
Abst.,  J.  Soc.  Chem.  Ind.,  1913,  vol.  32.  p.  1073. 
Chem.  Techn.  Repert.  1914,  vol.  38,  p.  184. 

Paterson,  J.  H. 

Investigation  of  the  chemical  reactions  taking  place  at  the  cathode  and  anode  during  the 

electrolysis  of  simple  salt  solutions. 

Proc.  Univ.  Durham  Phil.  Soc,  1912,  vol.  4.  pp.  187-220. 

Abst..  J.  Chem.  Soc.  (London),  1913,  vol.  104,  pt.  II,  p.  100. 

Chem.  Ztg.,  1912,  vol.  36,  p.  595. 

Spear,  E.  B.  and  Str.\han,  S.  G. 

Determination  of  zinc  by  electro-analysis. 
J.  Ind.  Eng.  Chem.,  1912.  v.  4.  pp.  889-91. 

The  authors  find  that  the  method  proposed  by  Kemmerer  for  the  electrolytic  determina- 
tion of  Zn  in  alkaline  solution  is  very  satisfactory  when  slightly  modified.  The  chief  modi- 
fications consist  in  (1)  cooling  the  solution  to  below  25°  C.  with  ice  if  necessary,  5-6  minutes 
before  removing  the  electrodes;  and  (2)  using  a  smaller  quantity  of  KOH.  viz;  10-25  grms. 
for  125  cc.  of  solution.  It  is  best  to  use  a  rotating  nickel  gauze  cathode,  completely  immersed 
in  the  electrolyte,  and  a  stationary  platinum  plate  or  spiral  anode  placed  above  the  cathode. 
The  solution  should  be  free  from  nitrates  and  ammonium  salts. 

1913 

Anonymous, 

Recent  progress  in  the  electrolytic  zinc  processes. 
Revue  Industrielle,  1913.  v.  44,  p.  720. 

Araki,  S..  Osaka.  (Japan). 

Process  of  preparation  of  zinc  sulphate  from  silicious  zinc  ores. 
French  Pat.  464038.  Sept.  2.  1913.    British  Pat.  15546,  July  5.  1913. 
German  Pat.  27309,  Aug.  28.  1913. 
Abst.,  J.  Soc.  Chem.  Ind.,  1914.  vol.  33.  p.  484. 

BoRCHGREWiNK,  H.  K.  and  Molstad.  R. 

Device  for  effecting  circulation  in  electrolytes  for  the  electrolytic  separation  of  zinc. 
German  Pat.  277359.  Feb.  20,  1913. 

Chem.  Fabrik  Griesheim — Elektron. 

Process  of  rendering  electrolytic  zinc  sponge  permanent. 
German  Pat.  282234.  June  29.  1913. 

The  process  consists  in  removing  adhering  electrolyte  and  drying  with  exclusion  of  air. 
The  electrolyte  is  removed  by  washing  with  H20  after  removal  from  the  bath.  If  the 
solution  is  strongly  alkaline,  it  is  neutralized  by  passing  C02  through  it,  since  soda  is  more 
readily  washed  out  than  alkali.  A  low  temperature,  with  stirring,  and  vacuum  are  employed 
preferably  in  drying  the  sponge,  and  dehydrating  agents  may  be  added.  In  this  manner  a 
zinc  sponge  of  90-95*^  Zn  content  is  obtained,  which  is  permanent  in  the  air  and  exceeds 
zinc  dust  in  activity.  Furthermore,  on  account  of  its  purity  and  uniformity  of  structure 
and  properties  it  is  more  suitable  than  Zn  dust  for  various  reactions. 

French.  A.  G..  Nelson  (British  Columbia). 

Electrolytic  recovery  of  zinc  and  manganese. 
U.S.  Pats.  1055157  and  1055158,  Mar.  4,  1913. 

For  the  recovery  of  pure  metallic  zinc  and  manganese  dioxide,  and  electric  current  of 
from  2i  to  4^  volts  is  passed  from  a  lead  anode  to  a  zinc  cathode  immersed  in  an  aqueous 
solution  of  zinc  sulphate,  manganese  sulphate  and  normal  sodium  sulphate.  The  electrolyte 
after  being  acted  upon  is  continuously  delivered  to  the  leaching  tank  from  which^the  original 
supply  was  obtained,  and  is  continuously  replaced  in  the  electrolytic  tank  by  a  supply 
drawn  from  the  same  leaching  tank.  (2)  The  electrolyte  after  being  acted  upon,  and  before 
delivery  to  the  leaching  tank,  is  treated  with  S02  or  a  solution  of  sulphurous  acid  in  order 
to  convert  the  Mn02  suspended  therein  into  manganese  sulphate. 
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LiEBiG,  Max  R.  G. 
Zink  und  Cadmium. 

Thre  Gewinnung  aus  Erzen  und  Kebeuprodukten.    205  fig.  10  plates. 
Leipzig,  Verlag  von  Otto  Spamer,  pp.  566-80. 
The  production  of  zinc  by  electrolytic  methods. 

Marc,  R. 

Influence  of  addition  of  colloids  on  the  cathodic  and  anodic  processes,  in  the  electrolysis 

of  metallic  salt  solution  (lead  and  zinc). 

Z.  f.  Elektrochemie,  1913,  v.  19,  pp.  431-44. 

The  author  has  examined  the  effect  of  additions  of  gum  arable,  gelatine,  gum  tragacanth, 
dextrin,  starch  and  albumin  on  the  electrolytic  deposition  of  zinc  and  lead  from  different 
electrolytes.  The  results  are  described  in  detail  and  tabulated,  but  cannot  be  generalized, 
for  whilst  colloids  act  favourably  Dy  diminishing  the  size  of  grain  of  the  deposit,  they 
frequently  have  an  injurious  effect  on  the  ocherence  and  strength  of  the  deposit.  The 
favourable  effect  of  clove  oil  on  the  character  of  electrolytically  deposited  lead  is  confirmed. 
Clove  oil  is  non-coUoided  in  character;  it  causes  a  diminution  in  the  size  of  grain  of  the 
deposit,  but  apparently  has  no  other  effect.  In  general,  colloids  appeared  to  cause  an  in- 
creased liberation  of  H  at  the  cathode,  but  their  effect  on  anodic  reactions  varied  according 
to  the  nature  of  the  electrolyte  and  of  the  colloid. 

Present  stilus  and  future  prospects  of  the  metallurgy  of  zinc. 

A  symposium  before  the  New  York  Sections  of  the  Amer.  Electrochemical  Society  and  the 
American  Inst,  of  Mining  Engrs. 

Richards,  J.  W. 

Electrolytic  zinc. 

Met.  Chem.  Engng..  1913,  Dec,  vol.  11,  No.  12,  p.  678. 

Metal  u.  Erz.  1912-13.  vol.  10,  p.  985. 

Siemens  &  Halske  Akt.  Ges.  and  Huth,  M. 
Anodes  of  massive  Mn02. 

German  Pat.  279192,  Nov.  9,  1913.     British  Pat.  27365,  Nov.  27,  1913. 
(Patent  of  addition  to  British  Pat.  605-1909.) 

These  are  made  by  carrying  out  the  principal  process  in  stages,  to  obtain  increased 
density  and  conductivity.  In  one  method,  bodies  of  the  dioxide,  obtained  by  heating  Mn 
material  in  molds,  are  allowed  to  cool,  and  are  then  reheated  with  more  raw  material, 
which  is  absorbed.  In  another  method,  (MnN03)2  is  added  continuously  during  the  heating 
and  decomposition  of  the  material  already  in  the  molds. 

Duraxt,  H.  T.  and  Metals  Extraction  Corpor. 
Zinc  sulphate. — Leaching  of  roasted  zinc  sulfide  ores. 
British  Pat.  21737.  Oct.  29,   1914. 
lUus.  Official  Jour.  Patents,  1916,  No.  1414,  p.  4733. 

1914 

Ingalls,  W.  R. 

The  metallnrg>-  of  zinc  in  1913.   (Hydrometallurgical  processes) 
Engng.  and  Mining  Jour.,  1914,  vol.  97,  p.  104. 

LORDIER, 

Zinc  electrometallurgy. 

Revue  Scientifique,  Industrielle  et  Commerciale  des  Metaux  et  Alliages,  1914,  v.  7,  No.  9 

p.  2-4;  No.  12,  pp.  1-5. 

C.  V'.  Lordier  reviews  at  length  the  electrometallurgy  of  zinc  by  wet  (in  No.  9)  and  dry 
methods  (in  No.  12).  The  zinc  dress  obtained  in  the  Roessler  Edelmann  process  of  treating 
argentiferous  ores  contain  about  70%  zinc,  and  may  be  electrolytically  refined  with  ad- 
vantage. The  finely  granulated  dross,  spread  on  lead  plates,  forms  the  anodes,  whilst 
rotating  discs  of  zinc  form  the  cathodes.  The  essentials  of  the  Luckow  (extraction  of  Zn 
from  its  minerals).  Blast  &  Nuet,  Letrange  (indirect  method),  Siemens  &  Halske,  Cowper- 
Coles,  Nahusen,  Burghardt,  Hoepfner,  Dieffenbach  processes  are  given.  In  conclusion  it  is 
stated  that  the  only  commercially  successful  processes  in  the  electrometallurgy  by  indirect 
wet  methods  are  these  of  Nahusen,  Hoepfner  and  Dieffenbach.  Electrolytes  of  ZnC12 
solution  are  said  to  be  more  economical  in  electric  current  than  solutions  of  ZnS04,  the 
electromotive  force  necessary  for  the  decomposition  of  the  former  being  less  than  for  the 
latter,  although  it  is  claimed  by  Gabran,  that  the  electrolyte  which  gives  the  best  results 
in  the  rapid  deposition  of  zinc  is  a  zinc  sulphate  solution  of  the  following  composition: 

Parts 

Zinc  sulphate 1200 

Water 6000 

Sulphuric  acid  (24°  Be) 60 

Mazzuechelli,  Arrigo,  Univ.  Rome. 

The  cathodic  deposition  of  metals  in  the  presence  of  organic  bases.     1.  Zinc. 
Atti  accad.  Lincei,  1914,  v.  23-11.  pp.  503-08. 

Mazzuechelli  recently  observed  that  quinine  has  the  same  effect  as  gelatine  and  other 
colloids  on  the  cathodic  deposition  of  3n  and  now  reports  the  same  effect  with  other  organic 
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brass  plate  the  catiuxle.  Oiiinine    cin  honinf       f, /.l^,^  ^  a 

lutdine,  aniline  and  pvri  lin  '  «    r  .\l^  ba  "  s  wi,   -H^  clinicthy  aniline,  -nai.l.thylaniine. 

base  was  added,  in  a  1  cases  ,1  ri  k  KH?r^^t  ,;±^^^^^^^^^^^  '  T'f""]-  ^•■'"""  =^  ^'"''"  ^'"""»t  cf  the 
tine-Rrained  deposit  of  nncros  o   fc  rrv' talVv ".fformn^^  ""  iin.for.n.  homogenous. 

with  larger  c.     The  7.n  is  separated  iinevonlv  in  -l    ?  On  continunig  tlie  electrolysis  or 

effect  is  more  pronou  u'ed  '  The    n"Ta^^  .In  the  rase  of  gelatine  the  first 

its  action  is  absorbed  bv  the  meS^rnmM^  ^h  .^'°^^^^^  '"  *^^"''-''^'  ''  ''^'^•"  '^e  base  of 
granules  fine  according  t^he  theory  of  l^uller  and  I^^^^^  «"d  keeps  the 

the  organic  compound  covers  thrcathode  like  ^  InrniLh^      ,  On  contnuimg  the  electrolysis 

between  2  Zn  electrodes  w'ill  give  n  ronHn,mn  L,J  "onta'nmgsucha  base  when  electrolyzed 
ments  showed  that  this  evofuUon  of  H  nrnr^:  ,  "'^'  °^  ^"  ''''"?  "^^  ""■''■  ^"^  -vcle).  Measure- 
author  intends  to  eUen^d'^thl^rr^^rntrro^^AJlfsTasTrnf^^l^a^^  ''''-''''  ^  ^"^^ 
given.    NrLTme;sured\V\";okage  du^^^^^^  Quantitative  data.     A  careful  review  i^ 

also  the  voltage  whe^he  solm  on  fs  n  l^^  P'"''^*'-?  "^  ^  '-'""'^"^  °^  known  density  and 
zn  anode  in  thfznsS4  +  (NH4)smso^^^^  tZV  ^n-coated  brass  cathode  and  a  solid 

with  the  air,  without  a  diaXragm  but  with  nn^  f  r'«:''".nents  were  made  at  1 1  in  contact 
measured  by  the  usual  comnensA'tinn  Z}}l  T^"""^  stirrmg.  The  electrical  potential  was 
between  the  electrode  and  a  Q'^^Zn.^ti'''  """^  ""  '''?'^?"  ^'^"  ^"d  measuring  the  v. 
ZnS04-solution  wIrele?trohzed"wft^;n,^  in"^^^^^  ^"^  equivalent  N-ZnS04  solution  The 
1  X  10-4  gelatine  underTarbus  rn^iit^^^^^  -^  '^.l""^  P^^'^  °f  quinoline  with 

potential!  of  the  anode  and  cathode  w^r^^^'^'  """i*  ^\^  maximum  voltage  of  0.022.  The 
pas,sage  of  the  knSwn  current  Thel^^Hi-H^''^'"'^  P'^^"^^^  P^'^*"^  ^^e  current,  during  the 
than  when  the  solution  fs  at  re«t  With^eT^'^rl.,''"*'^"*'^''  ^""'^  '?'?'?"  ^"""^  electrolysis 
which  is  in  accordance  ^^  ^f^t^^^SX^^t^'^J^^^^^T^Z^fA!^ 
Pring,  J.  N.  and  T.^inton,  V.  C. 

Che^^W^x'''""  ??  """^  ^^  '''Sh  current  densities 
ADst.,  J.  Soc.  Chem.  Ind..  1914,  v.  33   p   4^3 

zinc  can"eXted"Tn'fKe™^"f  W  ^'h  '^\^T.-  ^he  satisfactory  electro-deposition  of 
concentration  the  eficiency'shLhest  THp  n  1^  \°  V!.?^'"'-  ^^^^"^  P"  ^^^  ^^-  ^^  ^hich 
and  3  with  zinc  aSs      The  nfesenrP  If      Vi   ■!^"t'^'  fl'fferences  are  about  5  volts  with  lead 

surfaced  deposi^ts\"n°d'^^erm'i's^l^^e"u?e':f^;ig^h'l°'ctrrerfe^si^^^  "'  ^'"^"^'^  ''"«'^^- 

Richards,  J.  W. 

Electrolytic  deposition  of  zinc. 

Trans.  Amer.  Electrochem.  Soc.  1914,  v.  25,  pp    2?  1-90 

chemical  reaction  at  the  anode  ^s  no  mM? "  h  "A  msoluble  anodes  in  which  the  electro- 
deposited  from  sligMVacilSioL'wU' alow  cur?entdS\""'  ^'"  ""'^  ""^  """""'^''y 

Watts,  O.  P.  and  Shape,  A.   C 

defect  being  thrnrodurHnn'f™^^^  ^""^  terpinhydrate  gave  fair  results,  the  most  common 
litre  was  ad^deTtoTsl.'iron  o1  zTnf  s^utl^teT/s^^  fnTc^rf  H 2?,):  p^er  '  aut^^^ooT"^  ''' 
Wn.soN.F.  L.  and  Bretherton,  W.  E. 
Process  for  the  precipitation  of  zinc. 
US.  Pat.  1083785,  Jan.  6,  1914. 
Abst.,  J.  Soc.  Chem.  Ind.,  1914,  v.  33,  p.  143. 

Anonymous. 
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Anonymous. 

Kinematographs  of  electrolysis. 

Elektrochem.  Z.  1915.  v.  21.  p.  243-7. 

Parts  of  films  are  shown.   These  were  taken  in  the  electrolysis  of  Hg,  Zn,  Pb  and  Sn. 

FOERSTER.  Dr.  Fr. 

Elektrochemie  wasserigen  Losungen. 

(vol.  I.  of:  Handbush  der  angew.  physikalischen  Chemie.  in  Enizeldarstellurgen  herausge- 

geben  von  Dr.  Georg  Bredig.)  2d  edition,  Leipzig,  Verlag  von  Johann  Ambrosium  Barth. 

1915 

Hall.  C.  A.,  Mount  Airy.  (Pa). 
Electrolysis  of  zinc  solutions. 
U.S.  Pat.  1163911.  Dec.  14.  1915. 
Abst.,  Met.  Chem.  Engng.,  v.  14.  No.  3,  p.  165. 

ESHERWOOD,  p.  C.  C. 

Dense  anodes  of  Mn02  for  electrolysis  of  Cu.  Zn  or  Mi  from  solution. 
U.S.  Pat.  1143828,  June  22,  1915. 

These  anodes  are  made  from  Mn  ore  by  leaching  it  with  HN03  or  H2S04.  to  remove  Fe 
Ni  and  Co  from  the  ore,  forming  a  pasty  mixture  of  the  leached  ore  with  a  solution  of  Nn 
(N03)2,  molding,  drying  and  heating  sufficiently  to  decompose  the  nitrate  and  repeatedly 
soaking  in  Mn(N03)  2  solution,  and  drying  and  heating  until  the  pores  of  the  material  are 
compactly  filled. 

Perreur-Lloyd,  M.,  Boulogne,  (France). 

Apparatus  for  the  electrolytic  production  of  zinc. 

British  Pat.  4681.  Mar.  25.  1915.   Same  as  French  Pat.  472764,  of  1914. 

Abst.,  J.  Soc.  Chem.  Ind..  v.  34,  1915.  p.  497. 

Peters.  Dr.  Fr. 

Improvements  in  the  electrometallurgy  of  zinc. 
Electrolysis  of  aqueous  solutions. 
Gluckauf.  1915.  v.  51,  No.  25,  pp.  610-14. 
A  review  of  patents  and  articles  from  periodical  literature. 

SCHNABEL, 

Handbuch  der  Metallhuttenkunde,  vol.  II,  p.  114,  p.  210,  116,  169.  214-15. 

Vadner.  C.  S..  Salt  Lake  City.  (Utah). 

Process  of  recovering  zinc  from  an  acid  sulphite  solution. 

U.S.  Pat.  1163286.  Dec.  7.  1915. 

Abst..  J.  Soc.  Chem.  Ind..  v.  35.  1916.  No.  2.  p.  124. 

1916 

Anonymous. 

The  Anaconda  betterments. 

Engng.  Min.  Jour..  1916.  Feb.  19,  v.  101,  pp.  361-362. 

Particulars  of  new  plant  and  developments. 

Anonyomus. 

Anaconda  Copper  Co.'s  zinc  refinery  construction. 
Mining  Eng.,  World,  1916,  June  17,  vol.  44,  pp.  1127. 

Anonymous, 

The  bisulphite  process. 

Engng.  and  Mining  Jour..  1916.  Nov.  18.  vol.  102.  pp.  895-898. 

Zinc  sulphide  is  roasted  to  an  oxide;  changed  to  a  bisulphite  with  sulphuric  and  leached 
from  the  foreign  material.  Flow  sheets  of  the  original  and  modified  bisulphite  processes  are 
given. 

Anonymous. 

Electrolytic  zinc  production. 

Engng.  Mining  Jour.,  1916,  Jan.  1.  v.  101,  pp.  25-26. 

ANON'i'MOUS, 

The  French  electrolytic  process. 

Min.  Engng.  World,  1916,  Sept.  9,  vol.  45,  No.  11,  p.  450. 

Anonymous, 

The  French  zinc  process  at  the  Standard  Property,  B.C. 
Min.  World,  vol.  44.  1916,  Apr.  15.  No.  16,  p.  741. 
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Anonymous, 

The  French  zinc  process  at  the  Standard  Silver-Lead  Mining  Co.  at  Silverton,  B.C. 
Min.  Engng.  World.  1916,  Apr.  15,  vol.  44,  p.  741. 

Anonymous, 

Isherwood's  zinc  process. 

Mining  Mag.,  (London),  Aug.,  1916,  v.  IS,  No.  2,  p.  103. 

Announcement  of  the  Venture  Trust  regarding  the  formation  of  the  British  Electrolytic 
Zinc  Company,  with  the  object  of  working  Dr.  P.  C.  C.  Isherwood's  process  for  producing 
a  pure  electrolytic  zinc  from  complex  sulphide  ores. 

Anonymous  (Editor), 

Mill  and  smelter  construction  in  1916. 

Anaconda  Copper  Co. — Electrolytic  zinc. 

Work  done  at  the  Consolidated  Mining  and  Smelting  Co.  of  Canada,  Trail. 

Min.  Engng.  World.  1917,  Jan.  6,  v.  46,  No.  1,  pp.  2-7. 

Anonymous, 

Progress  in  electrolvtic  zinc  manufacture. 

Min.  and  Engng.  World,  vol.  44.  Apr.  1,  1916,  No.  14,  p.  655. 

Austin,  L.  C. 

Electrolytic  zinc. 

Min.  Sci.  Press,  1916,  v.  112,  p.  434. 

Bretherton,  S.  E. 
Electrolytic  practice. 
Mining  and  Scientific  Press,  1916,  Dec.  2,  v.  113,  No.  23,  pp.  793-794. 

Correspondence  speaking  of  previous  penalizing  for  zinc  in  some  ores  and  the  doing 
away  of  this  through  the  introduction  of  the  electrolytic  process  developed  by  the  Anaconda 
Co. 

Hall,  Clarence,  Mount  Airy  (Pa.) 
Method  of  zinc  electrolysis. 
U.S.  Pat.  1163911. 
Abst.,  Engng.  and  Min.  Jour.,  v.  101,  1916,  No.  6,  p.  263. 

Hansen,  C.  A. 

Electrolytic  zinc  at  Bullv  Hill. 

Met.  Chem.  Engng.,  1916.  v.  14,  No.  3,  pp.  120-22. 

Min.  Magazine,  1916,  v.  14,  pp.  176-77. 

Hansen,  C.  A.  (General  Electric  Co.) 
Electrolytic  zinc  at  Bully  Hill. 
Met.  Chem.  Engng.,  v.  14,  Feb.  1,  1916,  No.  3.  pp.  120-22, 

Ingalls,  W.  R. 

Comments  and  speculations  on  the  metallurgy  of  zinc. 
Engng.  Min.  Jour.,  1916,  Oct.  7,  v.  102,  No.  15,  p.  621. 

Ingalls,  W.  R. 

Electrolytic  zinc. 

Trans.  Amer.  Electrochem.  Soc,  v.  29. 

Engng.  Mining  Jour.,  1916.  v.  141,  pp.  425-28. 

Mining  Mag.,  1916,  v.  14.  p.  234. 

Met.  Chem.  Engng.,  1916,  v.  14,  pp.  264-5. 

Description  of  Anaconda  process,  etc. 

Ingalls,  W.  R. 
Electrolytic  zinc. 
Engng.  and  Mining  Jour.,  v.  101,  Mar.  4.  1916,  No.  10,  pp.  425-28. 

General  discussion  of  conditions  governing  production  of  electrolytic  zinc.  Description 
of  Anaconda  process.   Commercial  and  technical  limitations.  Quality  of  electrolytic  spelter. 

Ingalls,  W.  R. 
Electrolytic  zinc. 
Min.  and  Sci.  Press,  v.  112.  Mar.  25,  1916.  No.  13.  pp.  439-42. 

Ingalls,  W.  R. 
Electrolytic  zinc. 

Paper  read  at  the  meeting  of  the  New  York  section  of  the  Amer.  Electro  chemical  Society 
on  Feb.  11. 
Met.  Chem.  Engng.,  vol.  14.  1916.  No.  5.  p.  264-5.    (Abst.) 
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Laist,  F.  and  Frick,  F.  F. 
Extracting  zinc  from  ores. 
U.S.  Pat.  1167700,  Jan.  11,  1916. 
Abst.,  Chem.  Abst.,  v.  10,  1916,  No.  6,  p.  745. 

Laist,  Fr.  and  Frick,  F.  F.,  Anaconda. 

Hydrometallurgy  of  zinc  with  electrolytic  deposition. 

U.S.  Pats.  1167700-701,  Jan.  11,  1916. 

Abst.,  Met.  Chem.  Engng.,  v.  14,  1916,  No.  4,  p.  220. 

Laist,  F.  and  Frick,  F.  F. 

Process  for  extracting  zinc  from  ores. 

U.S.  Pat.  1167701  Jan.  11,  1916. 

Abst.,  Chem.  Abst.,  v.  10,  1916,  No.  6,  p.  745. 

Lyon,  D.  A. 

Hydrometallurgy  of  zinc  and  lead  in  1915, 

Met.  Chem.  Engng.,  1916,  Jan.  1.  v.  14.  pp.  30-32. 

(New  Anaconda  plant  of  25  tons  metallic  zinc  per  day  per  day  nearing  completion.) 

Morgan,  H.  J.  and  Ralston,  O.  C. 

Production  of  zinc  dust  by  other  methods  than  in  the  zinc  retorts, 
(Electrolytic  zinc  dust). 

Met.  Chem.  Engng..  1916,  Oct.  15.  v.  15.  No.  8,  pp.  465-68. 
Abst.,  Mining  Mag.,  (London).  1916,  v.  15.  No.  6.  p.  364. 

Motherwell,  H.  A.  B. 
Electrolytic  zinc. 
Min.  Sci.  Press,  1916,  Mar.  18,  v.  112,  pp.  401-03. 

Motherwell,  H.  A.  B. 
Electrolytic  zinc. 
Mining  and  Sci.  Press,  vol.  112,  Mar.  18,  1916,  No.  12,  pp.  401-03. 

Rickard,  F.  a. 

Electrolytic  refining  at  Trail. 

Min.  Sci.  Press,  1916,  Dec.  23,  v.  113,  No.  26.  pp.  903-907. 

Ryan,  J.  D. 

Progress  in  electrolytic  zinc  manufature. 

Min.  Engng.  World,  1916,  April  1.  v.  44,  p.  655. 

(Statement  made  by  J.  D.  Ryan,  President  of  the  Anaconda  Copper  Co.) 

Stevens,  R.  H. 

The  Peugeot  process  of  zinc  electrolysis. 

Salt  Lake  Mining  Rev.,  1916,  July  30,  v.  18.  No.  8,  pp.  17-19. 

A  complete  but  concise  description  of  the  method  is  given.  Cost  data  are  included 

Vadner,  Ch.  S.,  Salt  Lake  City, 

Process  of  recovering  zinc  from  an  acid  sulphite  solution. 

U.S.  Pat.  1163286. 

Abst.,  Min.  Sci.  Press,  vol.  112,  1916.  No.  14.  p.  483. 

Grunner,  Vilhelm, 

Electrolytic  precipitation. 

Tidskrift  Kern.  Farm.  Terapi,  13,  216-20,  232-6. 

Zinc  is  electrolytically  precipitated  in  compact  form  from  pure  acid  solutions  if 
sufficiently  stirred.  The  zinc  concentration  may  be  as  low  as  2%  and  the  acid  as  high  as 
30%.  At  a  zinc  concentration  of  5%  and  acid  concentration  of  5%  the  maximum  precipi- 
tation occurs  when  £>k=S00  amp.  persq.cm.  Lowering  the  zinc  concentration  or  increasing 
the  acid  concentration  lowers  the  rate  of  precipitation.  Increasing  the  acid  concentration 
also  lowers  the  electric  tension.  At  about  10%  the  energy  consumption  per  kilogram  of 
zinc  is  at  a  minimum.  The  precipitation  is  somewhat  facilitated  by  the  addition  of  water 
glass,  but  the  addition  of  hydro-fluosilicic  acid  gives  no  advantage.  Electrolytic  zinc 
heated  to  just  under  its  melting  point  is  increased  in  volume  from  15%  to  20%.  In  most 
concentration  the  Zn-ion  concentration  is  increased  by  the  addition  of  H?S04,  provided, 
however,  that  this  is  not  at  a  point  where  complex  salts  are  formed. 
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Anonymous, 

Zinc  burniiiK. 

The  Melalllmiik  utid  MflallurKtsche  Ges.  Akl.-Ces.  in  German  patent,  290,013,  Oct.  8, 
1913  (addition  to  252,195)  sa>s  tliat  the  driving  off  of  the  zinc  from  the  mixture  of  ore 
and  fuel  has  been  found  to  proceed  more  satisfactorily  the  smaller  the  excess  of  air  in  the 
heatinR  gases  entering  the  reaction  chamber.  I'pon  stnclting  the  charge  a  portion  of  the 
zinc  is  held  back  by  the  slag  which  forms,  while  the  reduced  zinc  vapor  is  reoxidized  by 
the  excess  air  to  ZnO,  which  is  dissolved  by  the  molten  slag.  In  order  to  overcome  this 
difficulty,  the  process  is  carried  out  in  a  reducing  atmosphere,  avoiding  fusion.  In  order 
that  the  highest  prssible  temperatures  may  be  used,  the  charge  is  mixed  with  ores  or 
additions  so  that  only  a  sintering  results,  without  fusion.  The  ("02  present  in  the  heating 
gases  has  been  found  sufficient  to  oxidize  the  zinc  vapors  without  excess  of  air.  The  zinc 
vapours  may  be  oxidized  by  air  subsequently. 


Discussion 


Mr.  R.H.Stewart:  The  Trail  process  differs  somewhat  from 
the  Anaconda  process  as  described  by  Mr.  Mathewson.  Following 
the  practice  at  Great  Falls  the  ore  is  leached  until  the  free  acid  is 
reduced  to  two  or  three-tenths  of  one  per  cent;  the  electrolyte  is 
then  drawn  off  the  still  acid  pulp  and  neutralized,  fresh  calcine 
being  used  for  this  purpose  instead  of  limestone  as  at  Great  Falls. 
The  calcine  is  then  returned  to  the  leaching  tanks  and  is  used  for 
the  treatment  of  spent  electrolyte.  In  other  respects  the  two  pro- 
cesses are  practically  the  same.  The  units  composing  the  Trail 
plant  are,  however,  smaller  than  those  at  Anaconda.  The  Trail 
plant  when  completed,  will  contain  thirteen  1,000  k.w.  units. 
Each  unit  consists  of  two  250-volts,  4000-ampere,  direct-current 
generators,  driven  by  one  synchronous  motor  operating  at  2300 
volts.  Each  unit  is  connected  up  with  thirty- two  tanks  in  series. 
The  current  used  is  from  25  to  30  amperes  per  square  foot  of 
cathode  surface.  Purification  of  the  solutions  is  accomplished  in 
practically  the  same  way  as  at  Great  Falls. 

Mr.  J.  C.  Gwillim:  In  travelling  through  British  Columbia 
recently,  I  found  that  the  zinc-ore  produced  there  was  being 
sold  to  different  ore  purchasing  companies,  for  consignment 
to  reduction  works  in  the  middle  western  States  as  well  as  to 
Anaconda,  at  Great  Falls,  and  also  to  Trail.  Apparently  the  Ana- 
conda works  had  not  the  same  objection  as  Trail  to  the  presence 
of  iron  in  the  ore.  The  British  Columbia  zinc  ore  carries  much  iron 
and  the  miners  go  to  a  great  deal  of  trouble  to  remove  it.  The 
representative  of  the  Anaconda  Company,  however,  purchased 
ore  containing  as  high  as  30%  iron  without  penalizing  it.  I  should 
therefore  like  to  be  informed  whether  in  the  treatment  of  such 
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ore  at  Anaconda,  no  trouble  is  experienced  on  account  of  the 
iron  content. 

Mr.  Stewart:  At  Trail  the  difficulty  with  the  iron  is  in 
the  roasters.  The  iron  and  zinc  combine  to  form  a  compound 
which  is  not  soluble  in  the  solutions  used  for  the  leaching.  Most 
of  the  ores  we  have  treated  have  been  difficult  to  roast  and  the 
iron  has  caused  trouble  in  this  manner. 

Mr.  E.  p.  Mathewson:  So  far  as  the  process  used  by  the 
Anaconda  Copper  Mining  Company  is  concerned  the  presence 
of  iron  in  the  concentrate  is  no  serious  detriment.  The  iron  is 
removed  as  soon  as  the  solution  is  neutralized  with  powdered 
limestone. 

Mr.  E.  E.  Watts:  I  would  like  to  ask  Mr.  Mathewson  what 
his  experience  has  been  in  limiting  the  amount  of  impurities  in 
his  electrolyte. 

Mr.  Mathewson:  The  electrolyte  used  at  Anaconda 
and  Great  Falls  w^as  prepared  in  such  a  manner  as  to  contain 
practically  no  impurities,  for  if  any  impurities  were  left  in  the 
electrolyte  it  would  make  serious  trouble  in  the  character  of  the 
deposited  zinc. 

A  Member  :  I  would  like  to  ask  what  percentage  of  the  zinc 
present  in  the  ore  is  recovered  from  the  electrolyte  and  what 
percentage  goes  ifito  the  residuum? 

Mr.  E.  p.  Mathewson:  The  percentage  received  varies 
greatly  according  to  conditions,  but  it  may  be  stated  that  there 
is  no  difficutly  in  obtaining  90%  of  the  contents  of  the  ore  in  the 
leaching  solution. 

Mr.  Gwilllm:  The  electrolytic  zinc  process  is  apparently 
suitable  for  treating  complex  zinc  ores  containing  values  in  silver; 
the  Standard  or  Belgian  ovens  process  is  not  suitable  for  the  treat- 
ment of  such  ore,  nor  does  it  recover  the  silver  values  as  well  as 
the  electrolytic  process.  Hence  the  electrolytic  process  has  a  field 
of  operation  in  treating  complex  zinc  ores  high  in  silver  values. 
What  I  want  to  know  is,  could  the  electrolytic  process  suc- 
cessfully compete  with  the  Belgian  oven  process  working  on 
purer  zinc  ores,  such  as  those  of  Missouri.-' 
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Mk.  iMathkwson:  Such  orrs  would  lu'  treated  easily  by  the 
cleetrohtic  process. 

ISI K.  H .  I .  Roast  :  At  the  present  time  our  zinc  dross,  a  by-pro- 
duct of  the  gaKanizing  process  containing  92%  zinc, is  all  sent  to 
the  United  States  where  the  zinc  is  recovered.  It  seems  very 
ilesirable  to  have  this  recovery  undertaken  in  Canada.  At  the 
present  time  a  company  with  which  I  am  associated  is  conducting 
experiments  on  a  commercial  scale  in  this  connection.  The  results 
have  been  very  encouraging;  for  instance,  the  iron  content  has 
been  reduced  from  6%  to  O.OvS%. 

Mr.  Mathewson:  I  would  like  to  make  a  few  remarks 
in  regard  to  the  duplication  of  experiments  by  various  research 
chemists  working  on  the  same  problem.  The  amount  of  this  dupli- 
cation has  been  tremendous  in  this  one  problem  of  securing  a  pure 
zinc  electrolyte.  The  same  experiments  have  been  tried  time  and 
again,  simply  because  results  were  not  published  promptly  or 
not  published  at  all.  There  should  be  some  system  of  co-operation 
among  research  chemists  whereby  results  could  be  declared 
promptly,  provided  they  do  not  interfere  with  the  financial  afifairs 
of  the  respective  Companies  for  which  the  chemists  are  working. 
The  great  war  is  a  tremendous  stimulus  to  research  and  the 
research  chemists  have  not  had  time  to  publish  results  on  account 
of  the  necessity  of  producing  the  metal  as  rapidly  as  possible; 
in  fact,  the  Anaconda  process  had  not  been  described  except  in  a 
general  way  because  of  the  pressure  brought  to  bear  on  the  Re- 
search Department  to  get  the  larger  plant  in  operation  with  the 
least  possible  delay.  There  have  been  a  few  details  of  the  process 
W'hich  the  Anaconda  research  chemists  have  found  it  advisable 
to  patent  for  the  sake  of  protection,  but  really  fundamental 
patents  on  electrolytic  zinc  production  seem  to  be  unobtainable 
at  this  late  date.  Mr.  Watts  has  referred  to  many  experiments 
that  have  been  tried  not  only  by  people  he  has  mentioned,  but 
by  the  General  Electric  Company  and  also  the  Anaconda  Copper 
Mining  Company  and  a  numbers  of  others.  If  results  had  been 
published  by  any  one  of  these  Companies  the  others  would  have 
been  saved  unnecessary  delay  and  expense.  The  American  Asso- 
ciation for  Testing  Materials  has  drawn  up  specifications  for 
electrolytic  zinc  and  among  these  a  very  small  amount  of  cadmium 
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is  allowed  in  the  electrolytic  zinc.  The  Anaconda  Company  spent 
a  great  deal  of  time  and  money  in  devising  ways  and  means  of 
reducing  the  quantity  of  cadmium  in  their  electrolytic  zinc,  so  as 
to  come  within  the  limits  set  by  the  specifications  referred  to, 
and  finally  devised  a  scheme  whereby  they  could  control  the 
amount  of  cadmium  exactly  and  found  there  was  no  difficulty 
whatever  in  keeping  within  the  limits  specified.  In  the  course  of 
experimentation  they  devised  a  tube  mill  made  of  cast  copper  and 
filled  with  zinc  balls.  This  did  the  work  very  well  and  was  specified 
for  the  large  plant  at  Great  Falls.  Machinery  was  ordered 
accordingly  for  that  plant  and  copper  castings  to  the  value  of  over 
§200,000  were  prepared  when  the  research  chemists  discovered 
that  the  tube  mills  were  unnecessary,  as  the  same  thing  could 
be  accomplished  in  a  much  similar  manner,  using  zinc  in  powdered 
form,  so  these  copper  castings  were  re-melted  and  sold.  This 
shows  that  the  processes  are  becoming  simplified  rapidly;  in 
fact,  the  Anaconda  process  as  in  use  to-day  bears  very  little  re- 
semblance to  the  process  as  used  a  year  ago.  Several  producers 
of  electrolytic  zinc  have  succeeded  in  marketing  a  uniform  product 
of  the  highest  degree  of  purity.  I  would  like  to  emphasize  the 
fact  that  the  most  successful  processes,  in  this,  as  in  nearly  every- 
thing else,  are  those  which  are  the  simplest. 


ELECTROLYTIC  ZINC  IN  EASTERN  CANADA 
By  E.  E.  Watts 

Annual  Meeting,  Montreal,  1917 

Attention  has  recently  been  directed  to  the  production  of 
zinc  from  Canadian  ores,  and  particularly  to  the  production 
from  the  zinc  ores  of  British  Columbia. 

Though  the  deposits  of  zinc  ore  in  Eastern  Canada  are  small 
as  compared  with  Western  deposits,  sufficient  zinc  could  possibly 
be  produced  to  supply  the  present  industrial  requirements  of 
the  country/  Furthermore,  under  normal  conditions,  plants 
producing  zinc  in  Eastern  Canada  would  have  the  following 
advantages  over  plants  in  W^estern  Canada:  1,  Proximity  to 
markets;  2,  cheaper  labour;  and  3,  accessibility  to  supplies  and 
equipment. 

At  the  present  time  there  are  two  operating  zinc  mines  in 
Eastern  Canada.  Both  are  in  Montauban  Township,  Portneuf 
County,  Quebec,  and  both  are  located  on  the  same  ore  body. 
At  one,  the  Zinc  Company,  Limited  is  daily  treating  about  125 
tons  of  ore  which  assays  about  10%  zinc  and  2%  lead.  The  entire 
millfeed  is  ground  in  a  ball-mill,  classified,  and  tabled  on  Butchart 
tables  and  a  Deister  Slimer  for  the  recovery  of  lead.  Middling 
from  the  Butchart  tables  is  retabled  on  James  tables  for  the 
further  recovery  of  lead,  and  some  zinc-iron  concentrate  is  saved. 
Zinc  middling  from  the  James  tables  is  treated  by  Mineral 
Separation  machines  to  recover  a  zinc-iron  flotation  concentrate. 
The  zinc-iron  concentrates  are  combined,  are  given  a  flash  roast, 
and  are  treated  on  magnetic  separators  to  obtain  a  40%  zinc 
shipping  product. 

At  the  Tetreault  mine,  on  the  adjoining  lot,  about  60  tons 
of  ore  is  treated  daily.  The  mill  feed  assays  about  14%  zinc  and 
3.5%  lead.  Joplin  practice  is  followed  and  good  results  are  being 
obtained  by  the  use  of  jigs  and  tables.  The  crushing  is  done  by 
rolls. 
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The  Canadian  Zinc  Products  Company,  which  is  under  the 
same  management  as  the  Zinc  Company  has  recently  completed 
a  zinc  oxide  plant,  equipped  with  Wetherill  grates,  and  also 
has  had  an  experimental  electric  zinc  furnace  in  operation  at 
Shawinigan  Falls.  This  electric  furnace  was  designed  by  Dr. 
Alfred  Stansfield  for  the  manufacture  of  spelter  and  zinc  dust, 
and  interesting  results  have  been  obtained. 

With  the  exception  of  the  small  quantity  of  ore  treated 
by  the  above  company  and  by  the  Electro  Zinc  Company  of 
W'elland,  the  ore  mined  in  Montauban  Township  has  been 
shipped  to  the  United  States  for  treatment. 

Possible  methods  of  treating  zinc  ore  for  the  recovery  of 
zinc  may  be  roughly  classified  as  follows:  1,  Smelting;  2,  chemi- 
cal methods;  3,  electrolytic  methods;  and  4,  electric  smelting. 

Smelting  includes  the  standard  distillation  method  for  high- 
grade  ore.  Distillation  may  be  preceded  by  igneous  concentration. 

Chemical  methods  include  various  chemical  processes  for 
the  production  of  zinc  salts  of  zinc  oxide,  possibly  followed  by 
smelting  for  the  recovery  of  zinc. 

Electrolytic  methods  include  processes  for  the  recovery 
of  zinc  by  electrolysis,  in  which  electrolysis  may  be  preceded  by 
preparatory  chemical  or  igneous  processes. 

Electric  smelting  includes  methods  for  producing  zinc,  zinc 
oxide,  or  zinc  dust,  by  the  use  of  the  electric  furnace. 

For  the  treatment  of  Canadian  zinc  ore  in  Canada  for  the 
production  of  zinc,  the  employment  of  electrolytic  methods  is 
now  generally  regarded  as  the  most  promising  solution. 

Experimental  work. — In  1912  and  1913,  at  the  School  of 
Mining,  Kingston,  the  writer  experimented  with  zinc  ore  from 
the  Sullivan  mine  at  Kimberly,  B.C.  The  ore  was  a  dense  complex 
sulphide  of  which  the  proximate  chemical  analysis  was: 

Zinc 31.2%  Insol 12.8% 

Lead 10. 1%  Lime Trace 

Iron 13.4%  Sulphur 31.0% 

Silver 3.1  oz. 
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Microscopic  examination  showed  that  tlie  diameters  of 
the  mineral  particles  were  as  follows; 

Blende 0.20  mm.  to  0.05  mm. 

Galena. 0 .  20  mm.  to  0 .  05  mm. 

Pyrite 0. 10  mm.  to  0.025  mm. 

The  microscopic  examination  precluded  the  possibility  of 
a  mechanical  concentration/  and  hence  left  igneous  or  hydro- 
metallurgical  process  as  possible  means  of  treatment. 

Preliminary  roasting  and  lixiviation  tests  indicated  that  a 
sulphurous  acid  treatment  of  the  roasted  ore  would  give  interest- 
ing results.  The  conditions  were  worked  out  for  obtaining  an 
87%  zinc  extraction  by  a  sulphurous  acid  leaching,  and  attention 
was  directed  to  the  recovery  of  zinc  from  the  resulting  solution 
of  zinc  bisulphite.  The  conditions  were  determined  for  the  pre- 
cipitation of  zinc  monosulphite  from  the  zinc  bisulphite  solu- 
tion. 

The  Zinc  Commission^  has  pointed  out  that  zinc  smelting 
in  Canada,  even  for  high-grade  ore,  is  a  very  doubtful  commercial 
enterprise.  It  would  therefore  appear  that  a  sulphite  precipitate 
must  be  roasted  to  oxide  and  exported,  or  the  zinc  must  be 
recovered  from  it  in  some  other  way  then  by  distillation. 

Tests  were  conducted  to  determine  if  it  was  possible  to 
obtain  metallic  zinc  by  the  electrolysis  of  solutions  of  zinc  bisul- 
phite. The  deposition  of  sulphur  and  zinc  sponge,  and  the 
evolution  of  hydrogen  sulphide  made  this  electrolysis  impossible. 
Then,  attempts  were  made  to  obtain  metallic  zinc  by  electrolysis 
of  solutions  of  zinc  sulphate  to  which  zinc  sulphite  precipitate 
was  periodically  added.  The  additions  were  made  to  the  bath 
and  to  muslin  bags  at  the  anodes,  but  the  tests  showed  that  in 
the  presence  of  sulphurous  acid  or  zinc  sulphide,  successful  elec- 
trolysis was  impossible.  Tests  were  conducted  in  which  the  zinc 
sulphite  precipitate  was  first  roasted  to  oxide  before  charging 
at  the  anodes  in  a  zinc  sulphate  electrolyte.    Successful  results 


^Recent  work,  proves  that  a  lower  grade  and   more  coarsely  crystal  line 
Sullivan  ore  can  be  concentrated  by  the  Horwood  Process. 

^Report  of  the  Commission  on  the  Investigation  of  the  Zinc  Resources 
of  British  Columbia. 
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were  obtained.  The  zinc  deposited  in  a  good  plate,  and  the 
electrolyte  was  maintained  by  the  addition  of  the  roasted  sulphite; 
hence  to  free  the  bath  from  particles  of  precipitate  that  might 
attach  themselves  to  the  deposit,  to  place  the  roasted  precipitate 
at  the  point  in  the  bath  where  the  sulphuric  acid  is  regenerated  by 
the  electrolysis,  and  to  decrease,  if  possible,  the  decomposition 
voltage  by  allowing  the  roasted  precipitate  to  act  in  part  as 
anode,  the  crude  zinc  oxide  obtained  by  roasting  the  zinc  mono- 
sulphite  precipitate  was  placed  in  bags  at  the  anodes  of  the 
electrolytic  cell. 

From  the  foregoing  experiments  the  following  conclusions 
were  deduced: 

1.  Successful  electrolysis  is  impossible  in  the  presence  of 
sulphurous  acid  or  zinc  sulphide. 

2.  Successful  electrolysis  is  possible  with  an  electrolyte  of 
zinc  sulphate  to  which  zinc  oxide,  prepared  in  any  suitable 
manner,  is  charged  to  compartments  surrounding  the  anodes  of 
the  cell. 

3.  Lead  forms  a  satisfactory  anode,  and  copper,  zinc,  and 
aluminum  form  satisfactory  cathodes. 

4.  With  current  densities  of  from  2.5  amps,  per  sq.  dm.  to 
4.5  amps,  per  sq.  dm.,  a  current  efficiency  of  approximately 
100%  can  be  maintained. 

5.  Depending  upon  the  current  density,  the  voltage  varies 
from  3.5  to  6  volts. 

6.  The  extraction  of  zinc  from  zinc  oxide  varies  from  95  to 
100%. 

The  process  as  outlined  was  patented,  and  was  developed 
for  the  treatment  of  high-grade  zinc  ore.  The  process  has  been 
referred  to  as   the  Watts   Process. 

The  high-grade  zinc  product  for  charging  to  the  electrolytic 
cells  may  be  roasted  zinc  concentrate,  impure  or  refined  zinc 
oxide,  or  zinc  dust.     The  advantages  of  such  a  treatment  are: 

1.  The  solution  is  kept  small  in  bulk,  and  the  solution  and 
tanks  serve  at  once  for  leaching  the  ore  and  for  electrolysis. 

2.  The  acid  generated  at  the  anode  is  immediately  used  up 
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at  the  point  at  which  it  is  generated,  and  at  the  point  where  it 
is  most  concentrated  and  hence  most  active.  Thorough  extraction 
is  thereby  obtained. 

3.  The  bath  is  automatically  kept  at  constant  composition 
and  purity,  by  zinc  going  into  solution  with  the  relative  exclusion 
of  impurities. 

4.  The  zinc  content  of  the  solution  is  kept  constant,  and  high 
current  efficiency  is  therefore  maintained. 

5.  The  conditions  are  fulfilled  for  obtaining  a  good  cathode 
deposit. 

6.  The  residues  from  electrolysis  may  be  further  treated 
for  the  recovery  of  other  metals. 

Larger  Scale  Experimental  Work. — The  writer  became  asso 
ciated  with  the  Weedon  Mining  Co.,  and  in  March  1915,  carried 
on  experimental  work  in  the  Metallurgical  Laboratory  at  McGill 
University.  Various  ores  were  treated,  including  ore  from  the 
company's  mine  at  Notre  Dame  des  Anges,  Que.,  zinc  oxide 
from  Leadville,  Colo.,  and  ore  from  Mineral  Point,  Wis.  The 
work  served  to  develop  a  wooden  electrolytic  tank,  asphalt-lined 
and  antimony-lead  anodes  and  aluminum  or  copper  cathodes. 
The  anode  compartment  consisted  of  a  w'ood  and  canvas  box 
which  surrounded  the  lead  anode. 

In  August  1915,  work  was  started  on  an  experimental  plant 
at  W^elland,  Ont.  The  equipment  consisted  of  a  100  K.W.  motor- 
generator  set,  a  blow^er  for  air  agitation  of  the  anode  solution, 
a  vacuum  pump  for  filtering,  28  electrolytic  tanks  3'  by  3'  by  4' 
deep,  sump  tanks,  storage  tanks,  and  filter  tanks.  Standard 
cast-iron  centrifugal  pumps  were  used  for  handling  solutions. 
An  Abbe  ball  mill  was  used  for  grinding. 

Roasted  Joplin  concentrate  assaying  60%  zinc  was  the 
first  ore  treated  at  the  plant.  It  was  necessary  to  charge  this 
ore  to  the  electrolytic  tanks  in  the  form  of  a  paste,  and  a  small 
pebble  mill  was  used  for  mixing  the  ore  into  a  paste  with  zinc 
sulphate  solution.  From  the  mill  it  was  fed  by  hand  to  the  anode 
compartments  at  six-hour  intervals.  With  oxide  it  was  possible 
to  use  dry  charging,  and  in  both  cases,  air  pipes  in  the  bottom  of 
the  compartments  kept  the  ore  particles  in  suspension. 
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In  the  first  trial  run  in  the  plant,  an  unsuccessful  attempt 
was  made  to  reverse  the  position  of  the  compartments.  Air 
agitation  was  used  in  the  bottom  of  the  tanks,  and  the  compart- 
ments surrounded  the  cathodes  instead  of  the  anodes.  Seven 
anodes  were  used  per  tank.  It  was  found  that  the  solutions 
would  not  transmit  800  to  1000  amperes  without  overheating. 
With  two  anodes  per  tank,  with  the  compartments  surrounding 
the  anodes  as  in  the  original  experimental  tank,  and  with  a 
current  of  only  250  amperes  per  tank  corresponding  to  a  current 
density  of  12.5  amperes  per  square  foot,  good  results  were  ob- 
tained. But,  operating  in  this  manner  reduced  the  plant  capacity 
about  70%.  Several  expedients  were  tried  for  keeping  the  solu- 
tions cool  when  employing  higher  currents,  but,  the  heat  resulting 
in  part  from  the  electrolytic  resistance  and  in  part  from  the 
chemical  reaction  at  the  anode,  made  higher  currents  impractical 
with  this  form  of  tank.  Considerable  difficulty  was  also  exper- 
ienced with  the  compartments,  for  the  canvas  used  as  a  dia- 
phragm material  developed  into  a  serious  weakness  and  required 
constant  attention  and  repairs.  Promising  preliminary  tests 
were  made  upon  other  diaphragm  materials,  but  this  investiga- 
tion was  not  completed.  Considerable  trouble  and  loss  was  caused 
by  the  tank  construction,  and  great  difficulty  was  experienced 
in  obtaining  an  absolutely  reliable  and  tight  tank;  in  fact,  il 
was  necessary  to  replace  the  original  tanks,  and  the  new  tanks 
were  made  with  approximately  the  same  cross  section,  but  con- 
siderably shorter  in  order  to  accommodate  tv\^o  or  three  anodes. 
It  was  possible  therefore  to  run  two  series  of  tanks  in  parallel 
and  thereby  to  double  the  plant  capacity.  The  melting  of  the 
deposits,  which  were  stripped  every  tA\^o  to  six  days,  caused 
trouble  for  a  time.  An  attempt  was  made  to  strip  copper  cathodes 
by  dipping  them  into  a  bath  of  molten  zinc.  Loss  by  drossing, 
damage  to  the  cathodes,  and  copper  entering  into  the  zinc,  made 
this  impractical.  Melting  was  thereafter  done  in  a  gas-fired 
crucible  tilting  furnace.  A  flux  of  sal  ammoniac  was  found  to  be 
advantageous. 

In  general,  the  laboratory  experimental  results  were  attained, 
but  our  operations  did  not  permit  of  a  sufficient  margin  for  profit. 
The  company  did  not  see  their  way  clear  to  further  perfect 


Electrolytic  Zinc  in  Eastern  Candaa — Watts       167 

the  details  of  the  process  for  large  scale  operation,  so  the  plant 
was  closed  in  August  1916. 

When  producing  zinc  at  the  rate  of  8000  pounds  per  month, 
or  at  the  rate  of  270  pounds  per  day,  the  cost  of  producing  zinc 
was  as  high  as  18  cents  per  pound  plus  the  cost  of  the  ore. 

On  the  basis  of  a  steady  production  of  60,000  pounds  per 
month  or  2000  pounds  per  day,  the  writer  estimates  that  the  cost 
of  producing  zinc  electrolytically  should  be  4  cents  per  pound 
when  power  is  available  at  14  dollars  per  horse-power  year. 
The  costs  would  be  distributed  as  follows: 

Crushing,  pumping,  filtering  and  purifying.  .  .  .  0.6  cents  per  lb. 

Electrolysis,  including  power, labour  and  repairs  2.3     "         " 

Melting 0.8     " 

General 0.3     "          " 

Total  operating  cost 4.0  cents  per  lb. 

In  a  large  plant  the  above  costs  would  be  considerably 
reduced. 

Thirty  tons  of  60%  ore  were  received  at  the  plant,  as  well 
as  ten  tons  of  oxide  that  was  manufactured  from  the  ore  mined 
at  Notre  Dame  des  Anges,  Que.  About  30,000  pounds  of  zinc 
w^ere  produced  which  averaged  99.95%  zinc. 

Conclusion. — The  work  showed  that  it  was  possible  to  operate 
upon  a  commercial  scale,  but  it  showed  that  weakness  existed  in 
the  diaphragm  material,  and  that  many  of  the  mechanical 
details  could  be  improved.  The  process  possessed  advantage 
over  other  processes  with  respect  to  extraction,  current  efificiency, 
and  necessary  purity  of  the  electrolyte,  for  good  results  were 
obtained  in  solutions  in  which  ordinary  electrolysis  is  im- 
possible. With  a  satisfactory  diaphragm  it  seems  probable  that 
a  higher  acid  electrolyte  could  be  used  with  a  correspondingly 
high  current  density,  and  it  is  probable  that  future  development 
will  be  along  this  line. 

In  conclusion,  I  wish  to  acknowledge  my  indebtedness  to 
Professor  S.  F.  Kirkpatrick  of  the  School  of  Mining,  Kingston; 
Dr.  Alfred  Stansfield  of  McGill  University,  and  Mr.  L.  D. 
Adams,  Pres.  and  Gen.  Mgr.  of  the  Weedon  Mining  Company. 


THE  FORMATION  OF  ZINC  FERRATE^ 

An  Explanation  of  the  Low  Solubility  of  some  Roasted 
Zinc  Ores  in  Dilute  Sulphuric  Acid. 

By  E.  H.  Hamilton,  G.  Murray,  and  D.  McIntosh 

Early  in  the  development  of  the  electrolytic  method  of 
producing  zinc  from  its  ores  it  was  noticed  that  a  large  amount 
of  the  zinc  could  be  extracted  by  dilute  sulphuric  acid,  in  a  few 
minutes,  but  that  the  remainder  could  only  be  removed  by 
prolonged  boiling.  This  insolubility  was  not  due,  apparently,  to 
the  particles  of  the  zinc  compounds  being  protected  by  the  lead 
sulphate  in  the  calcine,  for  on  removing  the  lead  salt  by  appro- 
priate methods  no  increased  solubility  was  obtained.  It  was 
noticed,  further,  that  on  treating  the  residue  insoluble  in  cold 
dilute  acid  with  boiling  acid,  the  zinc  and  iron  dissolved  ap- 
proximately in  the  ratio  of  one  atom  of  the  former  to  two  of  the 
latter.  Finally,  it  was  ascertained  that  a  high  temperature  in 
roasting  increased  the  amount  of  insoluble  zinc,  although  the 
calcine  produced  might  contain  less  sulphur  as  sulphide  than 
one  made  at  a  lower  temperature. 

The  insoluble  zinc  must  be  due  to  the  iron,  since  higher 
grade  zinc  ores  gave  greater  percentages  of  soluble  zinc;  and  the 
lead  sulphate  we  have  shown  to  be  innocuous,  so  that  the  com- 
plexes formed  with  iron  must  cause  the  low  extraction. 

The  compounds  of  zinc  and  iron  oxides  have  been  examined 
by  a  number  of  investigators.  Roscoe  and  Schorlemmer^ 
state  that  Ebelmen  obtained  black  octahedra  of  the  composition 
FcjOs  ZnO  by  strongly  ingniting  the  oxides  with  boron  trioxide. 
Hofman  (Trans.  A.  I.  M.  E.  1905)  and  Wells  {Eng.  and  Mine 
Jour.)  (86,420)  showed  that  combination  took  place  between 
these  two  oxides,  but  no  attention  was  paid  to  temperature  or 
time.  Ingall's  "Metallurgy  of  Zinc"  (pages  6  and  32)  mentions 
the  formation  of  zinc  ferrite  (zinc  ferrate.) 

^Printed  by  permission  of  the  Consolidated  Mining  &  Smelting  Co. 

^(Page  1225).  The  compound  is  referred  to  as  zinc  ferrite,  and  the  name 
ferrate  is  reserved  for  the  salt  of  the  hypothetical  acid  H2Fe04.  It  would  seem 
better  to  speak  of  the  compounds  of  ferric  oxides  as  ferrates,  and  of  ferrous 
oxide  as  fei  rites. 

(168) 
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The  results  of  the  present  investigations  corroborate  the 
observations  of  Messrs.  Hofman  and  Wells,  and,  in  addition 
go  more  fully  into  the  conditions  governing  the  combination.' 
^  1  he  first  part  of  the  work  consisted  of  experiments  with  pure 
zmc  oxide  and  ferric  oxide.  Later,  some  roasting  and  leaching 
tests  were  made  on  various  ores  to  find  out  how  far  the  results 
obtained  from  the  pure  compounds  applied  to  the  minerals. 

Ferric  oxide  was  prepared  by  treating  ferric  chloride  with 
ammonia  and  roasting  the  washed  hydroxide  for  two  hours  at  a 
red  heat.  The  zinc  oxide  used  was  Baker's  'chemical  pure'  A 
mixture  was  carefully  made  of  material  ground  to  120  mesh  to 
correspond  to  the  formula  ZnO  Fe.03.  This  was  reground  to 
bring  about  a  very  intimate  mixture,  and  the  tests  were  made  at 
the  various  temperatures  in  a  muffle  furnace  heated  electrically 
A  thermo-couple,  correct  at  the  temperature  of  melting  zinc  in- 
dicated the  temperatures,  and  these  were  maintained  constant 
by  varying  a  resistance  in  series  with  the  muffle. 

After  the  heat  treatment  the  material  was  again  ground  and 
leached  with  a  hot  ammonia  and  ammonium  chloride  solution 
and  the  loss  in  weight  found.  From  these  results  the  amouut  of 
zinc  oxide  that  had  entered  into  combination  was  determined 
The  tabulated  results  of  Tests  No.  1  to  No.  7  are  given  in 
i  able  1,  and  shown  in  the  curves  (Plate  1). 

Table  I. 
Experiment  No.  1  Temperature  1600°  F. 


1.15  hrs. 
3.5 
5.00 
5.3 


100% 
100% 
100% 
100% 
Experiment  No.  2  Temperature  1500°  F 


5  hr. 


100% 

"^     ■■  100% 

Experiment  No.  3  Temperature  1400°  F 


1  hr. 

3 

5 

7 

9 


88.4% 
85.5% 
89.3% 
97.1% 
100.0% 
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Temperature  1300° 
67.6% 
76.8% 
82.5% 
85.2% 

Temperature  1200^^ 
35.0% 
73.6% 
70.4% 
70.0% 

Temperature  1200^ 

76.2% 
84.4% 
71.2% 


Experiment  No.  7 — At  1100^  F.  no  combination  took  place. 

A  few  experiments  to  determine  the  formula  of  the  compound 
were  made  by  heating  various  mixtures  so  that  combination  was 
complete.  In  all  cases  where  the  iron  oxide  was  in  excess  of  the 
necessary  amount  for  the  formula  ZnO  FczOj  none  of  the  zinc 
went  into  solution.  On  the  other  hand,  while  the  results  obtained 
with  the  zinc  oxide  in  excess  did  not  agree  as  well  as  could  be 
desired,  it  is  certain  that  the  compound  does  not  contain  more 
zinc  than  is  shown  by  the  formula  ZnO  FcaOj. 

Table  II. 


Experiment  No. 

4 

1.15  hrs. 

2.75     " 

5.25     " 

7.25     « 

Experiment  No. 

5 

1.5  hrs. 

3.0     " 

4.5     " 

6.0     " 

Experiment  No. 

6 

2.0  hrs. 

4.5     " 

6.0     « 

Ratio  of  ZnO 
to  Fe^Os 

Theoretical  loss  in  weight 
if  formula  is  ZnO  FczOj 

Actual  loss. 

1.5   :  1 

2  :  1 

3  :  1 

14.4% 
25.3% 
40.3% 

17.1% 
20.9% 
50.9% 

From  the  curves  it  will  be  seen  that  the  temperature  has  a 
great  effect  on  the  speed  with  which  the  reaction  takes  place. 
At  1600"  F.  the  combination  is  complete  at  the  end  of  one  hour. 
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Plate  1. — Curves  showing  combination  of  zinc  and 
iron  at  different  temperatures. 

At  1500°  F.  it  is  complete  in  5  hours  and  probably  sooner.  At 
1400°  F.  the  reaction  is  85%,  complete  in  3  hours  and  complete  in 
8  hours.  At  1300°  F.  about  70%  of  the  zinc  has  combined  in  1 
hour  and  85%  in  8  hours,  while  at  1200°  F.  it  is  4  hours  before 
the  reaction  is  70%  completed.  At  1100°  F.  no  combination 
could  be  detected  within  8  hours. 

Properties  of  Zinc  Ferrate: 


Zinc  ferrate  is  a  yellowish  brown  material,  magnetic  and 
never  more  basic  than  ZnO.  FejOj.  It  is  soluble  in  hydrochloric 
acid,  insoluble  in  cold  dilute  H2SO4,  H2SO3  and  hot  caustic 
solutions.    It  is,  however,  slowly  soluble  in  hot  dilute  sulphuric 
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acid.  We  were  unable  to  find  any  reagent  which  would  dissolve 
the  zinc  without  bringing  a  considerable  quantity  of  iron  into 
solution. 

Combination  of  Zinc  Oxide  and  Alumina: 

During  the  investigation  it  was  found  that  zinc  oxide  also 
combined  with  freshly  prepared  aluminum  oxide  made  by  pre- 
cipitating aluminum  hydroxide  from  aluminium  chloride  by 
ammonia.  This  was  filtered  and  roasted  in  a  muffle  at  about  1200° 
F.  for  2  hours.  The  tests  were  carried  out  exactly  as  with  the 
ferrates.   The  results  were: — 

Table  III 


Time 

Temperature 

Zinc  Combined 

1  hr. 
3     " 
6     " 

1600°  F. 
1600°  F. 
1200°  F. 

82.2% 
85.3% 
41.0% 

These  results  show  that  compounds  analagous  to  the 
ferrates  are  obtained  with  alumina,  but  as  this  investigation  was 
too  wide  for  the  time  at  our  disposal  nothing  further  was  at- 
tempted, as  an  experiment  made  with  fireclay  and  zinc  oxide 
showed  practically  no  combination  after  2,  4  and  6  hours  at  1500° 
F;  so  that  the  alumina  in  ordinary  ores  would  not  combine  with 
the  zinc  and  lower  the  extraction.  The  zinc  aluminate  was  in- 
soluble in  dilute  sulphuric  acid. 


Part  II 

'Sullivan'  ore^  was  roasted  at  temperatures  from  1100°  to 
1500°  F.  with  hand  rabbling.  At  1100°  and  1200°,  however,  once 
the  sulphur  was  ignited  it  was  not  possible  to  keep  the  temperature 
down  until  a  large  amount  of  the  sulphur  had  been  burned  off, 
so  that  for  a  time  at  any  rate  the  whole  body  of  ore  was  hotter 
than    the   registered    temperatures,    and    the   particles   on    the 


^From  the  Sullivan  Mine  at  Kimberly,  B.C. 
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surface  where  the  oxidation  was  rapid  were  at  a  high  temperature 
for  a  short  time  after  each  rabbling.  This  is  especially  noticeable 
in  the  upper  floors  of  the  'Wedge'  furnaces  after  the  rabble  arm 
passes;  for  while  the  pyrometer  in  the  ore  only  registers  from  1200° 
to  1300°F.  the  ore  on  the  surface  becomes  hot  enough  to  fuse 
together  in  small  balls.  The  results  are  seen  in  Table  IV  and 
Plate  2. 

Assay    of    Ore: — Screen  analysis,  70%  through  200  mesh 
I. M.M.  Standard. 


Pb. 


Fe.      SiO.       AUO,      CaO 


Zn. 


13.2     25.3      2.4         2.9         1.4      28.5     22.6 
TABLE   IV. 


Temp. 

Roast 

Extraction 

Test 

Time 

(hrs.) 

Total 
S. 

S  as  SO4 

Zn. 

Loss  in 
Weight 

Zinc 

in 
Tails 

Extrac- 
tion 

1 

F. 
1100 

Th 

6.95 

4.6 

23.7 

39.1 

10.2 

74.0 

2 

1200 

4 

5.45 

4.3 

23.0 

43.4 

9.6 

76.1 

3 

1200 

4 

6.3 

5.4 

23.0 

38.0 

9.2 

75.1 

4 

1300 

4^ 

5.35 

4.35 

23.0 

36.0 

10.8 

70.6 

5 

1300 

4 

4.8 

4.4 

22.8 

29.0 

10.3 

68.0 

6 

1400 

3f 

4.75 

4.35 

23.6 

32.6 

12.5 

64.4 

7 

1500 

4 

5.05 

4.31 

23.8 

27.4 

11.5 

65.0 

Tabulated  Results  of  Roasting  and  Leaching  Tests. 


In  order  to  test  the  ferrate  theory  to  see  whether  a  greater 
percentage  of  the  zinc  would  be  soluble  in  an  ore  containing  less 
iron  than  the  ordinary  'Sullivan'  zinc  ore,  three  samples,  were 
hand-picked  from  a  carload  of  the  mine  shipment  before 
crushing.     These  samples  assayed  as  follows: — 


No. 

Pb. 

Fe. 

Insol. 

CaO 

S         Zn. 

1 

5.7 

11.3 

1.0 

0.4 

31.7     46.2 

2 

15.2 

10.0 

0.4 

0.3 

30.1     41.6 

3 

10.4 

10.4 

0.6 

0.5 

30.8     44.5 
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Plate  2. — Curve  showing  extraction  of  zinc  from  Sullivan  ore 
roasted  at  different  temperatures. 


These  three  samples  were  crushed  to  70%  through  200 
mesh  and  roasted  for  4  hours  at  a  maximum  temperature  of 
1400°+  F.  and  leached.  A  sample  of  'Sullivan'  concentrate  from 
the  Ding  magnetic  machine  ( — 60  mesh  +  80),  assaying  20%  Fe 
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and  27.2%  Zn.wasalso  roasted.  A  good  extraction  was  obtained 
— Test  12.     The  results  are  seen  in  Table  V. 

TABLE  V. 


% 

Roast 

Loss  in 

Zinc 
in 

Tails 

Test 

Temp 

Time 

Zn. 

Wgt. 
in 

Extrac- 

Sample 

tion. 

(hrs.) 

Total 

S  as 

Leach- 

• 

S. 

SO4 

ing 

1 

9 

1400 

4 

5.8 

5.4 

44.1 

64.7 

19.2 

84.5 

■7 

10 

1400 

4 

3.8 

3.6 

43.9 

50.0 

15.9 

83.2 

3 

11 

1400 

4 

5.5 

5.3 

45.9 

62.2 

14.2 

88.4 

4 

12' 

1400 

4 

4.8 

4.4 

28.2 

41.9 

8.5 

82.5 

^  Ding  concentrate. 

The  size  of  the  roasted  particles  has  little  or  no  influence  on 
the  extraction.  This  can  be  seen  by  the  tests  made  on  bucked  and 
unbucked  samples  (Table  VI).  The  unbucked  material  was 
leached  as  it  came  from  the  roaster,  while  the  bucked  sample  was 
ground  as  finely  as  possible  in  a  mortar. 

TABLE  VL 


Test 
No. 

Loss  in 
Weight 

% 

Zinc  in 
Tails 

% 

Extrac- 
tion 

% 

9 

Bucked 

64.8 
64.7 
49.9 
50.0 
29.0 
28.8 
38.7 
41.9 

19.6 
19.2 

15.5 
15.9 
10.6 
10.5 

7.3 
8.5 

84  5 

Unbucked 

84  5 

10 

Bucked 

83  5 

Unbucked 

83  2 

5 

Bucked 

66  0 

Unbucked 

68  0 

12 

Bucked 

84  4 

Unbucked 

82  5 

Roasting  and  leaching  tests  were  made  on  some  other  ores 
and  it  may  be  of  interest  to  examine  the  results  obtained  from 
these  ores  in  connection  with  the  amount  of  ferrate  formed. 
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The  ores  treated  were  as  follows: — 

Pb.       Fe.        Zn. 


(a). 

(b), 

(c). 

(d) 

(e). 

(f). 

(g). 

(h) 


Leaching  tests  on   these  ores  gave  the  following   results: 
temperature  1400°  +  F.  and  4  hrs.  roast: 

TABLE  VII 


tr 

7.4 

47.6 

3.5 

15.8 

33.0 

1.2 

6.0 

44.0 

3.0 

6.2 

44.2 

6.1 

4.8 

41.0 

tr 

9.1 

45.1% 

tr 

5.3 

38.6% 

tr 

9.9 

39.9% 

Roast 

Zn. 

On  Leaching 
Loss  in  Weight 

Zinc  in 
Tails 

Extrac- 

tion 

Total  S 

S  as  SO4 

% 

% 

% 

a 

2.9 

2.6 

51.6 

70.5 

16.4 

90.6 

b 

5.7 

5.5 

35.7 

51.5 

15.8 

78.5 

c 

7.4 

6.8 

44.5 

69.8 

10.7 

92.7 

d 

8.4 

8.2 

44.5 

71.9 

11.2 

92.7 

e 

7.8 

7.4 

42.6 

68.2 

11.2 

91.9 

f 

8.6 

7.7 

46.2 

71.7 

16.9 

89.6 

g 

8.1 

6.9 

38.8 

55.6 

9.1 

89.2 

h 

7.8 

7.3 

41.5 

66.6 

12.3 

90.1 

Comparison  of  Actual  Extractions  with  Results  to  be 
Expected  from  Theoretical  Formation  of  Ferrate. 

In  this  comparison  those  roasts  will  be  considered  that 
were  made  for  4  hours  at  a  temperature  of  from  1400°  to  1500°  F. 
Each  unit  of  iron  will  combine  with  .58  units  of  zinc  according  to 
the  formula  ZnO  FcjOj,  and  after  4  hours  at  1400°  the  reaction 
will  be  90  per  cent  complete,  so  that  w^e  can  calculate  from  the 
analysis  of  the  ore  the  amount  of  zinc  that  should  be  insoluble 
after  roasting.    Taking  100  grams  of  ore  as  a  basis  and   allowin 
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for  the  amount  of  zinc  that  would  probably  be  present  as  sulphide 
and  as  such  insoluble,  we  get  the  results  tabulated  in  Table  VIII. 

TABLi:    VIII 


Sam- 
ple 
No. 

Fe.  in 
ore 

Zn.  in 
ore 

Zinc 

vMthS 

grams 

Insol- 
uble 
Zn. 

grams 

I  heo- 
retical 
ferrate 
grams 

Differ- 
ence, 
grams 

Ratio 
Zn+'e. 

Actual 
Ex- 
trac- 
tion 

Theoretical 
extraction 
corrected 
for  Zn  com- 
binedwithS 

9 

11.3 

46.1 

0.7 

6.06 

5.90 

+0.16 

4.06:1 

84.5 

85,0 

10 

10.0 

41.6 

0.3 

7.10 

5,23 

+  1.87 

4.16:1 

83.2 

87.4 

11 

10.4 

44,5 

0.3 

5.06 

5.30 

—0.24 

4.28:1 

88.4 

87.8 

12 

20.0 

27.2 

0.6 

4.35 

10.40 

—6.05 

1.36:1 

82.5 

61.0 

(6&7) 

25.3 

23.0 

0.5 

8.05 

13.20 

—5.15 

0.92:1 

65.0 

42.2 

a 

7.4 

47.6 

0.5 

4.35 

3.87 

+0.45 

6.43:1 

90.6 

91.5 

b 

15.8 

33.0 

0.3 

7.35 

8.25 

—0.90 

2.09:1 

78.5 

76.1 

c 

6.0 

44.0 

1.0 

3.13 

3.13 

0 

7.3    :1 

92.2 

90.7 

d 

6.2 

44.2 

0.3 

2.85 

3.24 

—0.39 

7.13:1 

92.7 

92.1 

e 

4.8 

41.0 

0.6 

2.96 

2.60 

+0,36 

8.55:1 

92.0 

92.0 

f 

9.1 

45.1 

1.8 

3.98 

4.75 

—0.77 

4.74:1 

89.6 

85.8 

g 

5.3 

38.6 

2.2 

1,84 

2.78 

—0.84 

7.26:1 

89.2 

87.2 

h 

9.9 

39.9 

0.8 

3.25 

5.17 

—1.92 

4.02:1 

90.1 

85.6 

From  an  examination  of  these  figures,  it  will  be  observed 
that  the  amount  of  insoluble  zinc  present  after  roasting  is  very 
close  to  the  theoretical  amount  that  should  be  formed  as  zinc  fer- 
rate with  the  exception  of  the  regular  'Sullivan'  zinc  ore  (Nos.  6 
and  7)  and  the  magnetic  concentrates  (No.  12).  In  each  of  these 
instances  the  ratio  of  zinc  to  iron  is  close  to  1:1;  whereas,  in  the 
others,  with  the  exception  of  one  sample,  it  is  at  least  4  to  1. 
In  some  way,  therefore,  in  these  samples,  the  combination  is 
prevented  from  being  as  complete  as  one  should  expect  from  the 
composition  of  the  ore.  One  explanation  may  be  that  at  this 
concentration  of  the  iron  and  zinc  another  compound  may  be 
formed  containing  a  greater  ratio  of  iron  to  zinc  than  that  repre- 
sented by  the  formula  ZnO  FejOj,  but  we  have  been  unable  to 
prove  this  and  regard  the  existence  of  any  combination  except 
ZnO  FcaO,  as  unlikely. 

On  the  other  hand  it  may  be  that  free  crystals  of  pyrrhotite 
do  not  combine  as  readily  as  those  crystals  which  may  be  attached 
directly  to  crystals  of  blende  or  as  that  iron  which  may  be 
isomorphous  with  the  zinc  in  the  blende.  One  test  made  with  the 
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addition  of  20%  SiOj  to  the  'Sullivan'  zinc  ore  before  roasting 
indicated  that  the  addition  of  some  inert  matter  decreases  the 
amount  of  insoluble  zinc  formed,  as  an  extraction  of  76%  of  the 
zinc  was  obtained  in  this  case  as  against  65%  without  the  ad- 
dition of  the  silica. 

The  results  of  the  above  test  were  as  follows^: — 


Roast 

Zn. 

Loss  in 
Weight 

Zinc 
in  Tails 

Total  S 

SasSO, 

Extraction 

3.6 

3.2 

19.0 

34% 

6.7% 

76.7 

'Compare  tests  6  and  7. 

One  could,  of  course,  determine  the  effect  of  adding  pyrrho- 
tite  or  pyrite  crystals  to  the  ore  by  observing  whether  the 
extraction  were  decreased  or  not,  but  this  has  not  been  attempted 
as  the  results  embodied  in  the  present  paper,  as  far  as  they  go, 
explain  the  reason  for  the  failure  to  obtain  a  high  extraction  on 
the  ore  treated  at  Trail. 

Summary 


1.  It  is  proven  that  zinc  oxide  and  ferric  oxide  will  combine 
readily  at  temperature  above  1200°  F.,  the  amount  of  combina- 
tion depending  principally  on  the  temperature  and  the  time. 

In  the  roasting  of  the  ore  in  the  Wedge  furnaces,  however, 
in  order  to  desulphurize  the  ore  sufficiently,  it  is  not  possible  to 
keep  the  temperature  down  to  a  point  at  which  the  formation  of 
ferratedoes  not  occur.  In  the  upperpart  of  the  furnace  especially, 
it  is  difficult  to  keep  the  ore  from  becoming  too  hot  owing  to  the 
large  amount  of  sulphur  present,  but  it  is  possible  that  by  de- 
creasing the  frequency  of  the  rabbling  the  ore  might  be 
kept  for  a  longer  period  in  the  furnace  and  subjected 
to  a  lower  temperature,  as  the  more  rapid  the  stirring 
while  the  sulphur  is  burning  readily  the  higher  the 
temperature   attained.     In    connection  with   this,   in   the    case 
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of  the  'Sullivan'  ore  as  at  present  roasted,  the  maximum 
amount  of  ferrate  seems  to  be  formed,  as  some  of  the  regular 
roast  was  heated  to  a  temperature  of  1500°  for  5  hrs.  and  the 
extraction  on  this  material  was  no  worse  than  on  the  original. 

2.  Free  alumina  combines  with  zinc  oxide,  but  when  present 
as  a  silicate  the  amount  of  combination  is  negligible. 

3.  There  are  four  ways  in  which  a  better  extraction  of  zinc 
might  be  obtained  from  an  ore  high  in  iron. 

a.  By  roasting  at  a  low  temperature.     (The  remarks  made 
at  the  beginning  of  the  summary  apply  to  this  point.) 

b.  By  eliminating  the  iron  before  roasting. 

c.  By  the  addition  of  some  substance  to  the  ore  which 
would  prevent  the  combination  of  the  two  oxides. 

d.  By  finding  some  solvent  for  the  zinc  would  leave  the  iron 
oxide  undissolved. 


THE  KINGDON  LEAD  MINE 
By  John  E.  Hardman 

Annual  Meeting,  March    1917 

For  many  years  there  has  prevailed  in  this  Dominion  an 
opinion  that  Eastern  Canada  was  devoid  of  mines  of  base  metals 
beyond  the  phenomenal  nickel  deposits  of  Sudbury,  the  iron  ores 
of  Nova  Scotia  and  Newfoundland  and  the  sulphur  and  copper 
deposits  of  the  Eastern  Townships.  Credit  is  given  for  a  small 
production  of  gold  in  Nova  Scotia,  but  if  one  wanted  really 
large  and  permanent  deposits  of  copper,  lead  or  zinc  he  was 
supposed  to  waste  no  time  in  considering  Eastern  Canada,  but  to 
immediately  start  for  our  Western-most  Province,  where  such 
things  were  to  be  had  "in  every  mining  camp." 

The  phenomenal  successes  of  the  two  Ontario  districts, 
(Cobalt  and  Porcupine)  in  silver  and  gold  during  the  last  decade 
drew  much  attention  to  that  Province,  and  its  resources  in  base 
metals  were,  and  are  yet,  the  subject  of  economic  study  by  men 
who  have  faith  that  the  geologically  older  formations  in  Eastern 
Canada  contain  stores  of  metallic  wealth  that,  when  properly 
exploited,  will  be  able  to  compete  successfully  with  Western 
production. 

The  Kingdon  property  is  one  of  the  comparatively  small, 
galena-bearing  properties  that  are  characteristic  of  the  rocks 
called  the  "Grenville  Series"  by  Sir  Wm.  Logan  in  1845.  Its 
discovery  was  due  to  a  farmer  in  the  years  when  the  lead-bearing 
veins  of  Frontenac,  Leeds,  Bannockburn  and  other  districts 
were  arousing  high  hopes  of  a  profitable  lead  industry,  later 
doomed  to  disappointment.  Some  time  in  the  seventies  it  was 
purchased  by  the  late  James  Robertson  of  Montreal  and  has 
remained  in  his  estate  ever  since. 

In  the  early  part  of  1914,  the  writer  was  called  in  to  advise 
concerning  the  Kingdon  property,  to  assist  in  determining 
whether  it  should  be  written  amongst  'Assets'  or  whether  it 
should  be  charged  finally  and  forever  to  'Profit  and  Loss.' 
Previous  examinations  by  other  engineers,  some  of  whom  were 
members  of  this  Institute,  were  either  adverse  or  non-committal. 

The  first  examination  of  this  property  showed  its  develop- 
ment to  be  quite  inadequate  to  form  the  basis  of  a  permanent 
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opinion,  there  was  but  one  shaft  which  had  a  depth  of  50  feet 
and  there  were  only  two  other  shallow  pits. 

The  published,  or  accessible,  views  of  geologists  upon  these  de- 
posits of  the  Grenville  Series  were  not  favourable  to  continuance 
of  the  ore  bodies,  the  general  view  taken  being  that  they  were 
segregations  of  limited  extent.  It  was,  therefore,  recommended 
that  a  certain  amount  of  work,  laid  out  to  prove  continuity, 
should  be  done  before  a  decided  opinion  was  expressed. 

This  was  immediately  granted,  and  during  the  summer  of 
1914  the  preliminary  work  was  finished  and  an  opinion  given  that 
fully  20,000  tons  of  ore  were  available  of  a  general  average 
content  of  10%;  this  gave,  at  once,  a  valuation  to  the  property 
that  was  satisfactory. 

From  this  beginning  (in  the  month  of  September  1914)  to 
the  present  time  the  deposit  has  continued  to  increase  in  value, 
and  since  the  commencement  of  smelting  operations  in  the  first 
week  of  October  1916  the  property  has  returned  all  monies 
expended,  and  has  no  charge  on  the  debit  side  of  the  ledger. 

The  property  is  located  on  an  Island  called  'Laflamme' 
or  'Chat  Island'  in  the  township  of  Fitzroy,  and  Province  of 
Ontario.  The  land  is  made  an  island  by  a  small  branch  of  the 
Mississippi  River  which  forks  about  one  mile  below  Galetta,  one 
channel  sweeping  to  the  North  the  other  to  the  south,  and  both 
flowing  into  the  Ottawa  River.  The  elevation  of  this  island 
nowhere  exceeds  50  feet  above  the  level  of  the  river. 

The  rocks  of  the  island,  and  of  the  surrounding  shores  are 
that  series  of  schists,  micaceous,  hornblendic  and  calciferous, 
interbanded  with  ancient  limestones,  to  which  Sir  Wm.  Logan 
gave  the  name  of  the  'Grenville  Series.'  These  beds  of  highly 
crystalline  limestones  and  of  schists  are  conformable,  though 
frequently  crumpled,  and  are  tilted  to  a  vertical  or  nearly  vertical 
(74°  to  82°)  position.  Cutting  these  beds,  usually  at  right  angles, 
but  sometimes  almost  in  the  line  of  strike  are  a  few  dikes  of 
eruptive  rocks  which  have  been  described  by  learned  lithologists 
as  diorites. 

Previous  examiners  described  the  strike  of  the  ore  body  as 
uniformly  N.W.  and  S.  E.,  and  as  conforming  with  the  strike  of 
the   "containing  crystalline  limestone,"   but   development   has 
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shown  that  the  ore  body  follows  a  line  of  fracture  which  is 
distinctly  serpentinous  when  plotted,  and  that  the  larger  ore 
bodies  fill  the  spaces  which  are  due  to  a  second  thrust  that 
occurred  after  the  shearing,  and  whose  direction  was  that  of  an 
end  thrust.  The  following  figure  is  from  the  survey  of  the 
100-ft.  level.  It  is  believed  that  failure  to  recognize  the  waving 
line  of  the  fracture  and  consequent  varying  direction  of  the 
deposit  is  the  reason  for  some  previous  examiners  reporting  that 
there  were  "two  or  more"  veins  intersecting  each  other. 


DIRECTION  OF  THRUST 


In  the  heading  of  the  first  level  excellent  photographs  have 
been  obtained,  showing  clearly  the  line  of  fracture,  or  mark 
of  "discission,"  thus  effectively  proving  the  existence  of  a  main 
fracture. 

The  ore  deposition  is  of  crystalline  galena  occurring,  in  the 
wider  portions,  in  masses  from  12  inches  to  30  inches  broad,  but 
also  as  ore  disseminated  along  the  walls;  I  use  the  plural  "walls," 
but  it  is  not  often  that  both  walls  can  be  clearly  seen,  only  the 
foot-wall  is  always  in  evidence.  On  the  walls  occasionally  is 
found  from  half  an  inch  to  three  inches  of  'gouge'  which  analysis 
shows  to  be  50%  CaCo3.  Graphite,  in  minute  specks  and  in  very 
small  quantity,  is  noticed  on  or  near  the  wall  of  the  fracture. 
Slickensides,  or  striations  on  the  w^all,  are  much  in  evidence. 

Associated  with  the  galena  are  small  amounts  of  the  usual 
minerals,  pyrite  and  blende,  and  very  rarely  some  chalcopyrite. 
The  galena  is  not  argentiferous,  the  average  of  many  assays 
giving  but  one-third  of  an  ounce  to  the  ton  of  ore.  The  average 
silver  value  of  the  bullion  produced  is  about  4  ounces  of  silver  to 
one  ton  of  lead. 

So  far  it  has  been  noted  that  where  the  vein  is  richest  in 
galena  it  is  poorest  in  iron  and  zinc,  an  occurrence  which  has 
been  very  beneficial  to  the  furnace  department. 
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The  general  average  contents  in  metallic  lead  of  the  whole 
length  exploited  (550  ft.)  has  been  about  8.5%,  as  determined  by 
weight  of  the  pig  lead  produced.  The  f)roximity  of  the  eruptive 
dikes  does  not  appear  to  materially  influence  the  metallic  con- 
tents of  the  vein. 

Some  1400  feet  to  the  northwest  of  the  portion  of  the  vein 
which  has  been  worked  is  an  outcrop  from  3  to  4  ft.  in  width 
which  has  been  prospected  to  a  depth  of  about  11  feet;  there  can 
be  little  doubt  that  this  is  the  extension  north-westwardly  of  the 
vein  developed  at  the  mill. 

The  vein  is  opened  and  worked  by  overhand  stope  methods; 
the  ventilation  is  good,  but  the  amount  of  water  encountered  is 
heavy  and  is  a  serious  item  in  shaft  sinking.  This  however  will, 
it  is  hoped,  be  overcome  by  the  new  development  to  be  under- 
taken this  summer,  which  will  consist  of  a  vertical  shaft  in  the 
country  rock,  opened  into  the  vein  by  cross-cuts  below  the  vein 
workings. 

The  property  includes  some  1900  acres,  upon  which  the 
deposit  has  a  possible  length  of  3500  feet;  of  this  length  about  550 
feet  has  been  opened  by  underground  levels  at  100  feet  and  185 
feet  in  depth;  surface  openings  cover  1800  feet  of  the  possible 
3500. 

Mill.— In  the  late  summer  of  1915  a  concentrating  mill  was 
erected  on  the  property  with  a  capacity  of  75  tons  of  ore  in  24 
hours. 

The  problem  of  concentration  at  the  Kingdon  is  an  easy  one, 
the  only  mineral  desired  to  be  saved  (galena)  has  the  specific 
gravity  of  7.4,  the  gangue  is  2.6  and  the  specific  gravity  of  the 
polluting  minerals  varies  from  4  to  5.  On  account  of  the  friability 
of  the  galena  and  its  frequent  occurrence  in  quite  large  masses, 
the  mill  was  designed  to  separate  the  galena  in  as  large  particles 
as  possible  and  as  soon  as  liberated  from  the  matrix  of  calcite. 

The  polluting  minerals  (blende  and  pyrite),  being  also  very 
friable,  their  separation  from  the  galena  was  left  entirely  to  the 
James  tables,  which  perform  the  work  very  satisfactorily. 

The  ore  is  first  crushed  by  rock  breaker  to  about  f-inch 
iliesh,  then  passed  through  a  screen  with  meshes  6  mm.  in  diameter. 
The  oversize  is  returned  to  crushing  rolls  and  reduced  to  2  mm. 
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The  undersize  is  fed  to  a  Newaygo  screen  where  all  material  over 
2  mm.  is  separated,  the  oversize  going  to  two  Richards  pulsating 
jigs,  the  undersize  joining  the  product  from  the  rolls,  and  the 
combined  fine  material  going  to  an  8-ft.  Callow  tank.  The 
Richards  pulsating  jigs  produce  a  most  excellent  concentrate, 
the  assay  values  of  which  vary  from  82%  to  85.9%  of  metallic 
lead. 

The  thickened  pulp  from  the  Callow  tank  is  passed  over 
a  Richards  pulsating  classifier,  the  sands  going  to  James  tables 
and  the  slime  to  a  James  slimer. 

The  highest  assay  yet  obtained  from  the  tailing  is  less  than 
§%  of  lead;  the  average  percentage  of  loss  in  the  mill  tailing  is 
3/lOths  (0.3)  per  cent  of  lead. 

The  grade  of  concentrates  made  is  unusually  high;  the 
average  percentage  of  lead  in  the  table  products  is  80+,  in  the 
jig  headings  82%.  From  the  mill  the  concentrate  is  sent  by 
tramway  to  the  smelter. 

The  process  used  at  the  Kingdon  mine  for  the  production 
of  metallic  lead  from  high  grade  concentrates  is  novel  in  this 
Dominion.  It  was  the  wTiter's  privilege  to  attempt  to  solve  this 
problem,  and  the  solution  was  found  in  the  'Newnan'  improved 
hearth  furnace  and  its  accessories,  as  developed  and  put  into 
commercial  use  by  Mr.  W.  E.  Newnan,  the  able  Superintendent 
of  the  St.  Louis  Smelting  and  Refining  Company  at  East  St. 
Louis. 

The  old  'Scotch  hearth'  and  its  Americanized  'Moffet 
hearth'  were  limited  in  capacity,  injurious  to  health  and  fatigu- 
ing to  the  hearth  men.  The  rabbling  by  hand  required  men  of 
strong  and  heavy  physique,  the  loss  in  fumes  was  high  and  the 
production  of  pig  lead  from  50%  to  55%.  Mr.  Newnan's  inven- 
tions and  improvements  have  obviated  all  these  troubles;  the 
mechanical  rabbler  with  the  modified  form  of  furnace  have 
removed  all  severe  muscular  labour;  the  improvements  have  cut 
down  losses  in  metal,  in  fume  and  in  slag,  and  it  is  now  possible 
to  recover  fully  91%  of  the  metal  in  the  ore  treated.  Mr.  Newnan 
has  published  his  results  in  a  recent  paper  contributed  to  the 
Transactions  of  the  A.  L  M.  E.  (October,  1915). 

The  entire  rights  of  this  furnace  and  process  in  Canada  have 
been  acquired  by  the  Kingdon  Mining,  Smelting  and  Mfg.  Co. 
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View  of  furnace  house,  goosenecks  and  flue 

Since  the  beginning  of  smelting  operations  in  the  first  week 
of  October  1916,  there  has  been  no  case  of  illness  due  to  lead 
fumes  or  lead  poisoning.  Careful  accounts  kept  have  shown  a 
recovery  in  the  form  of  pig  lead  of  91%  of  all  lead  fed  to  the 
furnace;  the  recovery  of  lead  fume  and  dust  from  the  goose-neck 
chambers  and  the  bag  house  makes  the  total  recovery  up  to  96%. 

The  pig  lead  produced  is  of  unusual  purity;  as  the  lead 
issues  from  the  furnace  it  falls  directly  into  moulds  holding  100 
lb.     As  these  pigs  cool  they  are  removed  to  the  remelting  kettle 


A  nearer  view  of  furnace  house,  showing  goosenecks 
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Bag-house  anrl  Hue 

which  holds  10  tons  to  a  charge.  Here  the  first  metal  is  re-melted 
and  skimmed;  it  is  then  treated  to  remove  zinc,  copper  and  an- 
timony, and  is  poured  into  60  1b.  moulds  and  shipped,  when 
cooled,  to  the  market. 

The  lead  thus  produced  will  roll,  without  further  purification, 
into  sheet  lead,  and  has  been  used  for  acid  chamber  lining  without 
disappointment  in  any  particular. 

The  great  World  War.  which  we  all  hope  is  shortly  to  be 
concluded  with  victory  for  human  rights  and  freedom,  has  been 


A  view  of  the  flue 
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full  of  bitter  experiences  to  most  of  us  in  Canada,  yet  it  has  been, 
I  venture  to  say,  of  inestimable  value  to  Canada  as  a  nation,  for 
undoubtedly  it  was  the  cause  of  Canada's  renaissance  as  an 
industrial  community.  For  years  we  have  been  exporters  of 
crude  materials;  for  years  we  have  heard  of  the  futility  of  at- 
tempting to  refine  our  metal  products,  and,  but  for  the  War, 
it  is  altogether  probable  that  we  would  still  be  shipping  our 
copper  as  matte  or  anodes,  our  zinc  as  ore,  and  our  lead  as  crude 
pig,  or  unrefined,  metal.  Now  we  may  safely  say  that  our  day  as 
exporters  of  crude  material  has  vanished,  that  we  are  now  compet- 
ent to  refine,  and  are  refining,  so  that  our  production  is  to  be 
reckoned  as  the  finished  product.  And  among  the  small  but 
important  factors  in  this  renaissance  has  been  the  demonstration 
that  some  of  the  neglected  mineral  deposits  of  Eastern  Canada 
can  be  made  profitable  under  wise  guidance.  One  proof  is  the 
record  of  the  Kingdon  lead  mine. 


FURTHER   NOTES   ON    YUKON    MINING    PROBLEMS 
By  Henry  M.  Payne,  New  York. 

Annual  Meeting,  Montreoi,  March,  1917 

At  the  annual  meeting  of  the  Institute  in  1913,  the  writer 
described  conditions  to  be  met  in  the  Yukon,  outlined  the 
problems  which  must  be  solved  in  order  most  effectually  to  re- 
cover the  values  lying  in  the  frozen  gravels,  and  detailed  the 
research  work  which  up  to  that  time  had  been  conducted  with 
a  view  to  placing  thawing  on  a  scientific  basis. 

The  primary  results  of  that  work  were  a  classification  of 
the  materials  to  be  thawed,  and  a  knowledge  of  their  tempera- 
ture, specific  heat,  specific  gravity,  and  voids  frozen  and  thawed. 
Secondarily,  experiments  were  made  to  determine  the  rate  of 
natural  or  climatic  thawing.  The  results  of  this  research  work, 
as  outlined  four  years  ago,  have  amply  justified  the  undertaking, 
and  in  general,  the  predictions  then  made,  have  been  fulfilled 
and  exceeded. 


Fig.  1 
Old  Steam  Point  and  New  Drill  Bit  Point 
(188) 
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It  is  now  a  recoj^nlzecl  fact  that  wherever  the  surface  can 
thoroughly  be  cleared,  ploughed,  ditched  and  drained,  natural 
thawing  rapidly  ensues,  and  if  the  overlying  muck  be  ground 
sluiced,  a  period  of  about  three  years  will  thaw  to  bedrock  at 
medium  depth  in  the  main  valleys.  This  ground  sluicing  not 
only  facilitates  thawing,  but  also  effects  a  stupendous  reduction 
in  non-auriferous  yardage  which  must  otherwise  pass  through 
the  dredge,  with  its  consequent  wear  and  resulting  replacements, 
and  also  reduces  the  average  annual  consumption  of  power  by 
at  least  1,500,000  k.w. 


Fig.  2 
Pot  Holes  After  Thawing  with  Steam. 


The  introduction  of  hot  water  thawing  on  a  commercial 
scale,  was  made  in  the  summer  of  1915,  with  points  spaced  16 
feet  apart  in  triangular  arrangement,  the  boilers  being  fed  by 
injectors  and  the  main  line  taking  its  supply  from  the  blow-off 
pipe.  The  great  loss  formerly  resulting  from  condensation  of 
steam  was  immediately  corrected  and  the  thawing  period  ma- 
terially decreased.  The  next  obstacle  to  be  overcome  was  the 
dilificulty  of  driving  the  thawing  points  to  bedrock  at  one  driving, 
in  order  that  the  thawing  process  might  logically  proceed  upward 
from  the  bottom,   rather  than  at  irregular  intervals  from   the 
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surface  down,  as  was  necessarily  the  case  with  the  regular  steam 
points  in  use. 

To  accomplish  this,  an  Ingersoll-Rand  drill  bit  point 
was  welded  onto  the  end  of  the  three-quarter-inch-steam 
point  and  a  three-thirty-second-inch-hole  was  drilled  at  the  top 
of  each  of  the  four  flutes.  Thus,  instead  of  one  three-sixteenth- 
inch-hole  at  the  end,  as  in  the  old  point,  we  have  five  holes,  four 
in  the  sides  and  one  in  the  end,  and  as  a  result,  it  is  possible  to 
drive  the  point  directly  through  any  boulders  which  may  be 
encountered,    as    the    frozen    boulder,    when    partially    drilled 


Fig.  3 
Complete  Subsidence  of  the  Ground  After  Thawing  with  Hot  Water. 

through,  expands  from  contact  with  the  hot  water  and  splits, 
allowing  the  point  to  drop  on  down  to  the  next  boulder. 

The  hot  water  in  the  meantime  has  a  sluicing  effect  from  the 
side  holes  which  could  not  be  obtained  with  the  old  point,  having 
one  orifice  only,  and  the  thawing  process  and  removal  of  fines 
around  the  point  proceeds  very  rapidly.  Also,  it  will  be  recalled, 
an  average  of  46%  of  the  frozen  material  in  situ  is  ice,  which  as 
it  melts,  loosens  the  gravel  and  boulders,  so  that  when  the 
thawing  process  has  started  at  bedrock,  a  rapidly  increasing 
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subterranean  cavern  is  formed,  and  as  the  level  of  the  under- 
ground lake  of  hot  water  rises,  the  overhanging  gravels  are 
loosened  and  spall  off. 

Thus  in  a  comparatively  short  time,  the  entire  valley,  from 
rim  to  rim,  has  been  thoroughly  thawed,  and  has  subsided  uni- 
formly, instead  of  leaving  pot  holes  around  each  thawing  point, 
as  was  the  case  when  steam  was  used.  It  was  found  by  experiment 
that  the  thawing  period  was  two  and  a  half  times  as  long  under 
the  old  method,  as  under  that  described. 

A  further  incentive  to  the  use  of  hot  water,  is  the  fact  that 


Fig.  4 
Anvil  for  Driving  the  Drill  Bit  Points 

with  steam,  whenever  the  pressure  is  allowed  to  lessen  at  the 
boiler,  the  vacuum  created  in  the  network  of  the  steam  lines, 
immediately  causes  many  of  the  points  to  fill  with  soft  mud,  and 
choke,  so  that  even  when  pressure  has  been  resumed,  the  points 
will  not  blow  free,  but  must  be  pulled  and  cleaned  and  re-driven. 
With  hot  water  as  a  thawing  medium,  the  worst  that  can  happen 
is  that  cooler  or  cold  water  is  passing  into  the  ground,  and  an 
increased  consumption  of  fuel  and  a  lengthened  thawing  period 
will  result. 

Standard   time  periods  were  determined  for  thawing  any 
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given  material  at  any  depth,  so  that  the  whole  thawing  process 
is  now  reduced  to  a  scientific  basis. 

For  hot  water  thawing,  with  a  point  of  the  type  described, 
the  point  should  remain  at  the  maximum  depth  four-sevenths  of 
the  total  predetermined  period.  It  should  then  be  drawn  and 
another  point  two-thirds  as  long  inserted,  and  left  for  two- 
sevenths  of  the  thawing  period.  If  there  is  no  muck,  and  the  frost 
line  is  8  feet  or  more  below  the  surface,  this  will  probably  suffice; 
otherwise  a  point  one-third  of  the  length  of  the  original  one 
should  be  left  for  the  remaining  one-seventh  of  the  required 
total  thawing  period. 


Point  Driving 
ANVIL  AND  KEY 


Fig.  5 
Designs  of  Anvil  and  Key 

To  eliminate  the  use  of  ladders  and  the  breaking  of  points, 
and  to  accelerate  the  rate  of  driving,  anvils  weighing  about  100 
lb.  were  forged  from  old  dredge  bucket  pins,  slotted  to  pass  over 
the  thawing  point,  and  keyed  in  place.  Handles  are  inserted 
in  each  side,  and  the  helper  turns  the  point,  as  in  ordinary  rock 
drilling,  while  the  operator  stands  on  the  ground  and  drives  the 
point  until  the  anvil  reaches  the  ground,  when  the  key  is  knocked 
out,  the  helper  raises  the  anvil  to  a  convenient  height,  the  key 
is  again  inserted,  and  the  operation  repeated,  until  the  desired 
depth  has  been  reached. 

During  the  entire  season's  operation,  not  a  single  point 
was  broken  in  driving  by  this  method,  and  where  no  boulders 
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were  encountered,  the  weight  of  the  anvil  alone,  was  sufficient  to 
force  the  point  to  bedrock,  when  twisted  back  and  forth. 

Since  the  points  are  placed  in  regular  arrangement  at  fixed 
distances  from  the  supply  pipe  line,  rubber  hose  are  used  only 
during  driving,  and  standard  pipe  connections  are  put  on  when 
the  driving  operation  is  completed.  Between  these  pipe  con- 
nections and  the  main  line,  ordinary  railroad-train  hose  couplings 
are  inserted,  obviating  the  earlier  difficulties  with  leaky  unions, 
reducing  the  time  necessary  to  make  or  break  a  connection,  and 
eliminating  the  Stilson  wrench  as  a  necessary  factor. 

The  following  comparison  is  given  as  the  result  of  a  season's 
work  on  adjoining  sections  of  the  same  creek  under  exactly 
analagous  conditions,  with  both  steam  and  hot  water. 

Steam  Plant  Hot  Water  Plant 

Driving  time  of  points 9.8    ft.  per  hr.         18.3    ft.  per  hr. 

Area  thawed  per  point 64 .       sq.  ft.  231 . 7    sq.  ft. 

Quantity  thawed  per  point 1,419.7    cu.  ft.  5,253.8    cu.  ft. 

Area  thawed  per  point-hour .  76  sq.  ft.  1 .  62  sq.  ft. 

Quantity  thawed  per  point-hour.  ...         16.87  cu.  ft.  36.8    cu.  ft. 

B.  T.  U.  per  point-hour 63,800  117,000 

B.  T.  U.  per  sq.  ft 84,000  74,389 

B.  T.  U.  per  cu.  ft 3,780  3,274 

Point-hours  to  thaw  1,000  cu.  ft. .  .  .        59.2  27.2 
Fuel  Consumption 

To  Thaw  100  sq.  ft 1 .29  cords  .44  cords 

To  Thaw  2,000  cu.  ft 1.17  cords  .39  cords 

Points  carried  per  H.P .516  .533 

Sq.  ft.  per  H.P.  hr .392  .69 

Cu.  ft.  per  H.P.  hr 8.7  15.7 

Number  of  points  per  unit  area 100%  30% 

Piping,  trestling,  etc 100%  52% 

Ladders 100%  1  only 

Rubber  Hose 1  per  Point  Driving  only. 

It  will  be  observed  that  the  B.T.U.  per  square  foot  and  per 
cubic  foot  were  less  with  hot  water  than  with  steam,  the  reason 
for  this  being  that  with  steam  thawing,  under  the  old  method, 
much  heat  was  dissipated  in  the  thawed  ground  at  the  top. 

In  building  the  pipe  line  for  hot  water,  stakes  driven  low  in 
the  ground  are  all  that  are  necessary,  as  'dry  steam'  is  no  longer 
an  objective. 
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The  labour  saving  on  a  single  unit  thawing  plant,  would  be 
as  follows : 

Standard  steam  thawing  crew  of  sixteen  point  men  on  day 
shift  and  eight  point  men  on  night  shift.  Total  240  man-hours. 
Average  net  square  feet  thawed  per  day  =  2,348.8. 

To  thaw  the  same  area  with  hot  water  would  require 
2,348.8/231.7  =  IG  points,  net. 


Fig.  6 
Steam  Thawing  Plant 

Two  pairs  of  point  men  drive  5  drill  bit  points  each  with 
an  anvil,  in  ten  hours,  viz: 

Driving 6    hours 

Pulling \\     « 

Connecting  up 1^     " 

Miscellaneous 1    hour 


10    hours 


Two  additional  men  to  bar  for  frost,  and  two  men  to  look 
after  pipes  and  fittings,  and  straightening  points.  Total  80 
man-hours. 
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240 -80  =  160,  man-hours  @  60c.  an  hour  for  wages  and 
board  =  $96  per  day  per  crew,  saved. 

In  other  words,  eight  men  working  day  shift  only,  with  four 
boilers  on  hot  water,  thaw  the  same  area  per  day  formerly 
thawed  by  sixteen  day  men  and  eight  night  men,  with  steam. 

The  fuel  saving  is  at  least  5  cords  per  24  hours.  It  has  also 
been  found  that  the  ground,  after  thawing  with  hot  water,  is 


Fig.  7 
Hot  Water  Thawing  Plant 

more  uniformly  heated  than  with  steam,  and  less  trouble  with 
'back  freezing'  occurs,  so  that  one  dredge  operating  during  the 
season  of  1915  did  not  close  down  until  late  in  January  1916,  and 
could  have  continued  in  operation  all  winter,  notwithstanding 
the  low  temperatures,  but  it  was  thought  best  to  shut  down  for 
general  overhauling  for  the  sutceeding  season.^ 

The  Klondyke  type  of  dredge,  as  differentiated  from  the 
California  type,  is  a  development  distinctly  indicated  for  use  in 


^  Since  tliis  paper  was  prepared,  the  writer  is  advised  by  the  Canadian 
Klondyke  Mining  Company,  as  of  February  9th,  that  Number  2  Dredge  was 
still  in  operation  this  year  with  an  excellent  chance  of  establishing  a  twelve 
month  dredging  record,  notwithstanding  the  fact  that  December  1916  and 
January  1917  were  the  coldest  two  months  since  1902. 
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operating  Arctic  gravels.    Its  efificiency  is  high,  and  its  operating 
cost  and  upkeep  relatively  low,  in  proportion  to  yardage  handled. 

The  average  consumption  of  power  varies  from  .75  to  1.5  k.w. 
per  cubic  yard  dug,  depending  on  depth  and  amount  of  boulders 
and  old  timbers  encountered.  In  1915  a  record  of  23  hours  37 
minutes  actual  operating  time,  out  of  a  possible  24  hours,  was 
established.  The  use  of  cocoanut  fibre  mats  with  expanded  metal 
riffles  on  top,  rather  than  of  quicksilver,  has  been  justified  by 


Fig.  8 
Emergency  Repair  Barge  on  Power  Ditch 

the  results  obtained  from  extended  tests  of  tailings  and  sluice 
washings.  The  tests  indicate  a  thorough  recovery  of  the  gold. 
The  higher  price  obtained  per  ounce  for  gold  so  recovered  is 
also  an  inducement  not  to  use  quicksilver.  It  is  the  writer's 
opinion,  however,  that  a  prerequisite  to  this  method  is  the  large 
gold  saving  area  afforded  by  one  of  these  dredges,  and  that  on  a 
smaller  type,  the  usual  amalgamating  process  is  necessary. 

The  power  plant  is  in  continuous  operation,  as  described 
previously  by  the  writer  The  ditch  between  this  plant  and 
the  intake  is  six  miles  long,  of  which  4^  miles  are  in  sphagnous 
bog  and  glacial  muck,  which  as  it  thaws  and  settles  necessitates 
re-inforcement  of  the  lower  bank  with  brush  mats,  and  filling 
up  to  grade.     Whenever  any  weak  places  occur,  double  sections 
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of  lapped  2-inch  sheet  piling  are  driven,  and  the  ditch  and  hillside 
below  it  are  regularly  patrolled.  Where  indications  of  serious 
weakness  occur,  cribbing  is  built  on  the  lower  side  and  filled  by 
hydraulicking  gravel  from  the  hillside  above.  To  accomplish 
this  at  a  minimum  cost,  a  barge  has  been  equipped  with  centri- 
fugal pumps  and  over  the  top  a  chute  is  built,  carrying  the 
sluicings  across  the  ditch  to  the  cribbing  on  the  lower  side. 
This  barge  can  be  moved  quickly  from  place  to  place  along  the 
ditch  and  constitutes  an  emergency  equipment  instantly  avail- 
able. 

With  the  development  of  the  famous  Lena  River  goldfields 
in  Siberia,  an  interesting  opportunity  for  comparative  studies 
in  climate  and  precipitation  is  presented.  The  region  around 
Bodaibo,  Siberia,  is  very  similar  to  that  around  Dawson,  in  the 
Yukon.  Both  cities  are  the  centre  of  a  mining  district  operated 
or  operatable  by  the  same  methods,  and  having  the  same  general 
problems  to  be  met.  Lying  in  approximately  the  same  latitude, 
each  at  the  confluence  of  two  large  rivers,  whose  general  direc- 
tion, branches,  and  sources,  are  in  the  same  relative  position,  it 
might  be  expected  that  little  if  any  variation  in  climate  would 
occur. 

To  make  such  a  comparison,  the  Government  records  of 
precipitation  and  temperature  have  been  secured  for  a  series 
of  years  and  platted.  The  readings  at  Dawson  were  taken 
twice  daily  for  a  15-year  period,  and  both  maxima  and  minima 
are  given. 

The  Siberian  readings  were  also  taken  twice  daily,  but  the 
published  records  give  only  the  mean  temperature  for  each  day. 
The  data  so  compiled  for  the  two  regions,  represent  over  47,000 
separate  items.  In  the  accompanying  charts,  the  yearly  vari- 
ations by  months  in  both  temperature  and  precipitation  are 
indicated,  and  a  composite  curve  for  the  entire  period  is  then 
superimposed  on  the  corresponding  curve  for  the  other  country. 
Monthly  variations  by  years  are  also  shown,  so  that  seasonal 
irregularities  may  be  readily  detected. 
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Temperature  variations  in  the  Klondyke  and  Siberia — 1900-1915 
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As  a  result  of  this  comparison  the  following  deductions  may 
be  made: — 

1.— The  Siberian  winter  is  longer  than  that  of  the  Klondyke, 
the  months  of  December,  January  and  February  averaging 
almost  constantly  from -24°  to -28°  F.  while  at  Dawson  the 
minimum  is  reached  in  January  and  the  months  of  December 
and  February,  in  the  15-year  period  recorded,  averaged  13°  to 
17°  warmer  than  the  corresponding  temperatures  for  Bodaibo. 

2.— March  and  September  in  both  countries  are  about  the 
same,  but  the  Siberian  summer  season  while  the  warmer  of  the 
two,  is  also  about  one  month  shorter. 

3.— The  months  during  the  entire  period  of  years  observed, 
which  showed  uniform  average  temperatures,  with  veryj^few 
fluctuations,  were: — 

Klondyke  Siberia 

May 48°  April 21° 

July 61°  May 39° 

August 54°  June 57° 

September 42°  August 54° 

from  which  we  may  infer  that  the  months  not  named  vary  greatly 
from  year  to  year. 

4.— No  material  change  in  the  seasons  is  appreciable,  but 
there  appears  to  be  a  tendency  in  the  Klondyke,  since  1911,  for 
the  months  of  March,  April,  May  and  June  to  be  slightly  warmer 
than  in  the  ten  years  preceding. 

5.— In  the  matter  of  precipitation,  very  little  fluctuation 
occurs  in  the  Yukon,  the  maximum  being  in  July  and  the  mini- 
mum in  March. 

The  Siberian  minimum  occurs  in  February  and  a  flood  period 
is  reached  in  July.  The  total  precipitation  at  Bodaibo,  how- 
ever, is  greatly  in  excess  of  that  at  Dawson. 

6.— The  months  in  which  the  greatest  irregularity  in  preci- 
pitation occurs  in  Klondyke  are  July,  September  and  October; 
and  in  Siberia,  June,  July  and  August. 
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7. — Beginning  with  1905  the  period  of  maximum  precipita- 
tion in  Siberia  appears  to  have  been  less  marked,  and  to  have  ex- 
tended over  three  months,  each  succeeding  year  showing  a  wider 
distribution  of  rainy  season,  with  less  precipitation  per  24-hGur 
period,  but  with  totals  about  the  same. 

In  considering  items  Nos.  4  and  7  it  occurs  to  the  writer 
that  the  removal  of  practically  all  the  timber  and  undergrowth, 
together  with  the  ground  sluicing,  hydraulicking  and  dredging 
of  large  areas  within  the  past  ten  years  in  both  countries,  may 
very  probably  have  been  a  factor  entering  into  the  changes  noted. 

In  conclusion,  while  there  is  still  abundance  of  opportunity 
for  research  work  in  the  North,  it  may  conservatively  be  said 
as  regards  the  problems  discussed  in  this  paper,  that  much 
progress  has  been  made  since  they  were  first  outlined  by  the 
writer  before  this  Institute  in  1913,  and  that  gravels  of  lower 
grade  are  being  more  profitably  mined  today  than  ever  before. 

In  view  of  the  low  cost  of  hydro-electric  power  at  Dawson, 
it  is  a  matter  of  regret  that  the  application  of  electricity  to 
thawing  is  not  further  advanced.  The  experiments  for  which 
arrangements  had  been  made,  have  been  temporarily  discon- 
tinued owing  to  inability  to  secure  certain  equipment  during 
the  War.  It  is  to  be  hoped  that  at  no  late  day  they  may  be 
completed.  In  the  meantime  reference  to  the  comparative  data 
given  above  shows,  as  the  result  of  a  season's  work  on  a  commer- 
cial scale,  that  thawing  by  hot  water  is  decidedly  more  advan- 
tageous than  by  steam,  the  results  being  summarized  in  the 
expression  "four  times  the  ground,  in  two-thirds  the  time,  with 
less  than  half  the  fuel."^ 

Given,  therefore,  steam  thawing  costs  and  well  prospected 
ground,  the  margin  of  lower  values  which  will  still  permit  opera- 
tion at  a  profit  if  thawed  with  hot  water  is  easily  ascertained. 


COUNTERCURRENT  DECANTATION 
By  L.  B.  Eames. 

Annual  Meeting,  Montreal,  March,  1917. 

In  the  cyanide  process  the  recovery  of  dissolved  gold  from 
slime  pulp,  was  first  accomplished  by  intermittent  decantation. 
This  simple  process  consists  in  mixing  with  the  pulp  containing 
the  values  in  solution,  a  solution  of  lower  gold  content,  settling 
the  mixture  in  a  tank,  then  decanting  the  clear  supernatant  fluid. 
The  thick  pulp  remaining  in  the  tank,  together  with  more  barren 
solution,  is  pumped  to  a  second  tank,  and  again  settled  and 
decanted.  After  several  repetitions  of  this  operation  values 
are  so  far  reduced  that  further  washing  of  the  pulp  is  not  profit- 
able. The  gold  recovery  by  this  process  is  large,  but  the  plant 
required  is  bulky,  the  labour  cost  is  high,  and  the  amount  of 
solution  to  be  precipitated  is  very  large. 

A  plant  built  in  the  Black  Hills  of  South  Dakota,  by  John 
Randall,  as  early  as  190 1 ,  followed  the  same  principles  but  attempt- 
ed to  make  the  process  continuous  by  substituting  cone  tanks  for 
flat  bottomed  tanks,  the  cones  operating  continuously,  receiving  a 
constant  feed  and  discharging  a  steady  stream  thickened  pulp. 
The  cones  were  operated  in  series,  the  thick  underflow  of  the 
first  one  joined  with  a  stream  of  diluting  solution  to  form  the 
feed  to  the  second  cone  of  the  series.  Barren  solution  was  added 
to  the  tank  immediately  preceding  the  discharge  tank,  and, 
after  being  slightly  enriched  by  the  low  grade  pulp  in  this  tank, 
the  solution  overflowed  to  form  a  diluting  solution  for  the  richer 
feed  entering  the  third  tank  from  the  end  of  the  series,  and  so 
on  back  to  the  richest  tank  of  the  series.  Clear  water  was  used 
for  the  wash  in  the  final  tank.  This  is  the  principle  on  which 
all  successful  countercurrent  decantation  plants  operate  at  the 
present  time;  but  Randall's  plant  was  not  successful  because  of 
the  mechanical  difficulties  in  getting  a  continuous  thick  discharge 
from  the  conical  tanks.  A  similar  plant  was  also  built  in  South 
Africa.  Here,  however  the  washes  were  not  repeatedly  used  as 
in  Randall's  process,  but  were  precipitated  after  each  contact 
with  the  ore.     This  was  also  abandoned  because  of  mechanical 
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difficulties  and  the  cost  of  precipitating  the  large  quantities  ot 
solution  necessarily  produced.  For  many  years  thereafter  the 
continuous  decantation  was  not  practiced,  and  it  was  not  until 
the  introduction  of  the  Dorr  thickener  that  metallurgists  began 
to  again  consider  the  continuous  decantation  principle. 

In  1910,  two  decantation  plants  were  built,  the  flowsheets  of 
which  were  similar  to  that  of  Randall  nine  years  before,  except 
that  Dorr  thickeners  replaced  the  cones.  One  of  these  was  at 
Mocorito  in  Sinaloa,  Mexico,  installed  under  the  direction  of  C. 
Dupre  Smith;  the  other  was  designed  by  J.  V.  N.  Dorr,  assisted 
by  the  writer,  for  the  Vulture  Mines  Co.  of  Wickenburg,  Arizona. 
While  not  perfect  at  first  both  of  these  pioneer  plants  proved  so 
successful  as  to  lead  to  other  installations,  which  during  the 
past  three  years,  have  been  numerous. 

Part  I. — Theoretical  Considerations. 


The  following  description  of  the  principles  and  character- 
istics of  the  process  is  submitted;  a  simple,  yet  typical,  flow  sheet, 
shown  in  Figure  1,  has  been  selected. 


,Ore 


Mill 
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Fig.  1 
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ir 


Wateft 


The  flow  sheet  assumes  that  crushing  is  done  in  solution, 
the  overflow  from  tank  T2  being  used  for  crushing  solution. 
The  crushing  solution  leaving  the  grinding  circuit  with  the 
ground  pulp,  enters  Tl.  The  overflow  from  Tl  goes  to  the 
precipitation  presses.  After  precipitation  of  its  gold  content 
it  is  used  to  dilute  the  underflow  of  T3  as  it  enters  T4. 
The  overflow  of  T5  is  also  led  back  to  T4.  The  overflow  of 
T4  mixes  with  the  underflow  of  T2  to  form  the  feed  to  T3, 
and  so  forth  as  indicated  in  the  flow  sheet.     At  each  succeeding 
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mixture  tlic  solution  meets  a  pulp  of  higher  dissolved  content 
than  itself  and  is  enriched  while  the  pulp  is  correspondingly- 
impoverished.  The  pulp  at  each  step  approaches  the  discharge 
end  of  the  mill  while  the  solution  goes  to  the  feed  end — hence 
countercurrent  decantation. 
80.oor 


26.00 


10  20  30  40  50  60  70 

Value  of  Ore  in  Dollars  per  Ton 

Fig.  2 


90  Ts  100 


The  principal  variables   that  may  affect  the  efficiency  of 
the  process  are : — 

1. — Grade  of  ore; 
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2. — Ratio  of  solution  precipitated  to  ore  treated; 
3. — Thickness  at  which  pulp  can  be  discharged; 
4. — Cost  of  chemicals; 

5. — Rapidity  of  dissolution  of  the  gold,  and  the  place  in 
the  circuit  where  it  takes  place; 
6. — Efficiency  of  precipitation. 

Since  the  decantation  process  is  one  involving  volumes  and 
dilutions  it  is  possible  to  calculate  accurately  what  distribution  of 
values  should  take  place  under  any  given  set  of  conditions.  As 
far  as  possible  each  one  of  the  above  variables  has  been  math- 
ematically considered  independently  of  the  rest,  and  the  results 
have  been  plotted. 

The  effect  of  variations  in  the  grade  of  ore  is  shown  in  Figure  2. 
and  scarcely  needs  comment.  In  practice,  of  course,  no  such 
increase  as  is  shown  in  the  gold-solution  curve  would  ever  be 
allowed  to  take  place  on  account  of  the  difficulty  of  precipitating 
such  high  grade  solution  and  the  danger  of  leakage,  but  the 
graph  shows  conclusively  that  all  solutions  increase  in  value  in 
direct  proportion  to  the  increase  in  the  grade  of  the  ore,  also  that 
the  higher  grade  solutions  increase  at  a  much  more  rapid  rate 
than  the  final  washes. 

The  important  part  played  by  the  ratio  of  solution  precip- 
itated to  ore  milled  is  shown  in  Figure  3.  For  the  particular  grade 
of  ore  considered,  which  in  this  case  was  $10.00  recoverable  per 
ton,  with  precipitation  to  three  cents,  the  economic  ratio  may  be 
roughly  determined  by  inspection  of  the  lowest  curve  which 
represents  the  value  of  the  solution  leaving  the  last  tank  of  the 
series  with  the  tailing.  It  will  be  noted  that  the  loss  in  gold 
increases  very  rapidly  as  the  amount  of  solution  precipitated  is 
decreased,  and  that  after  a  certain  point  the  increased  recovery, 
due  to  increasing  the  volume  precipitated,  is  very  slight. 

The  final  choice  of  the  exact  ratio,  to  be  used  must  be 
influenced  by  the  cost  of  precipitation  which  is  mainly  affected  by 
the  cost  of  the  precipitant.  To  show  clearly  the  effect  of  precip- 
itation cost  on  the  economic  precipitation  ratio.  Figure  4  was 
plotted.  I  have  considered  it  safe  to  assume  that  the  cost 
of  increasing  the  amount  of  solution  precipitated  is  due  to  the 
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Showing  effect  of  variation  in  the  ratio  of  solution  precipitated  to  ore  treated. 

additional  zinc  used.  The  loss  in  dissolved  gold  and  the  cost  of 
the  zinc  used  in  precipitation  are  both  plotted  to  the  same  scale 
in  cents  per  ton  of  ore.  By  adding  the  ordinates  of  these  two 
curves  a  third  is  formed  which  represents  the  total  loss  in  gold 
and  zinc.  The  lowest  part  of  this  curve  represents  the  econom- 
ical range  and  indicates  that,  for  a  ten  dollar  ore  (under  the 
conditions  assumed  with  zinc  at  26  cents)  from  200  to  250  tons 
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solution  should  be  precipitated  per  hundred  tons  of  ore  treated. 
In  dotted  Hnes  are  shown  the  corresponding  curves  for  a  five 
dollar  ore  under  similar  conditions.  In  this  case  the  range  is 
from  150  to  200  tons.  While  there  is  a  considerable  range  within 
which  practically  identical  results  may  be  expected,  it  is  apparent 
that  each  operator  should  calculate  the  economic  range  for  the 
ore  to  be  treated. 
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Showing  method  of  determining  the  proper  ratio  of  solution  precipitated 

to  ore  treated. 

The  next,  and  one  of  the  most  important  variables  to  be 
considered  is  the  thickness,  or  per  cent  of  solids,  to  which  pulp 
can  be  settled.  In  Figure  5  the  values  of  the  various  over- 
flows have  been  plotted  to  show  the  effect  of  variations  in  the 
moisture  in  the  underflows.  The  full  line  curves  represent  the 
values  of  the  overflowing  solutions,  per  ton  of  solution ;  but  in 
calculating  losses  per  ton  of  ore,  the  ratio  of  the  solution  to 
the  ore  present  must  be  considered.     The  loss  in  dissolved  gold 
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per  ton  of  dry  ore  in  the  last  tank  has  been  plotted  therefore 
in  a  separate  curve  (Figure  6),  and  it  is  this  curve  which 
IS  especially  important  in  determining  the  amenability  of  the  ore 
to  decantation.  The  moisture  in  the  pulp  has  a  direct  bearing  on 
the  cyanide  loss  and  this  also  is  shown  in  Figure  5.  This 
has  been  plotted  in  pounds  instead  of  in  cents,  as  solution 
strength  and  the  price  of  cyanide  both  affect  its  value.  This 
curve  is  numbered  7.  The  diagram,  however  indicates  that  there 
is  a  very  decided  limit  to  the  density  of  the  pulp  which  can  be 
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handled  economically,  and  it  is  clear  that  the  cyanide  strength 
should  be  kept  as  low  as  possible.  Operators  as  a  rule  seem  to 
be  inclined  to  'play  safe'  as  regards  solution  strength,  and  it  is 
probable  that  in  many  cases  cyanide  could  be  saved  without  any 
considerable  loss  of  gold  by  using  solutions  of  a  lower  strength. 

In  making  the  calculations  upon  which  the  foregoing  curves 
are  based,  it  was  assumed  that  75%  of  the  gold  was  dissolved  in  the 
grinding  department  and  the  remaining  25%  in  the  agitators. 
Of  course  this  is  an  assumption  which  can  not  be  realised,  for 
even  with  the  cleanest  ores  some  gold  is  dissolved  in  passing  through 
the  tanks  that  follow  the  agitators.  This  is  a  condition,  entering 
to  some  extent  no  matter  what  method  is  employed  for  recovering 
the  dissolved  value.  Changes  of  solution  during  agitation  has  been 
the  practice  for  years  in  the  treatment  of  silver  ores,  and  also 
in  the  treatment  of  concentrate  at  Goldfield.  This  is  done  to 
reduce  the  'lag'  of  dissolving.  I  have  also  found  that,  on 
Goldfield  ore,  pulp  from  the  final  agitators,  reagitated  without 
change  or  addition  of  solution,  will  yield  no  more  gold;  while 
reagitated  filter  tailing  from  the  same  ore  will  show  a  distinct 
reduction  of  contained  values.  The  same  condition  exists  in  the 
pulp  fed  to  decantation  plants  and  there  is  little  doubt  that  some 
dissolving  takes  place  even  in  the  last  tanks  of  the  series.  Some 
of  this  value  is  lost,  notably  the  value  freed  near  the  final  dis- 
charge, but  much  is  recovered  that  would  probably  not  be  won 
by  any  other  method.  The  superintendent  of  one  of  the  decanta- 
tion plants  treating  Tonopah  ore  informed  me  that  his  sampling 
indicated  that  the  additional  dissolving  taking  place  in  his  plant 
was  sufficient  to  off-set  his  entire  dissolved  loss  and  three  cents 
per  ton  additional.  Any  considerable  dissolving  during  decanta- 
tion will  be  indicated  by  a  difference  in  the  assay  value  of  the 
solution  in  the  underflow  of  the  tanks  as  compared  with  that  of 
the  overflowing  solution.  In  practice  there  is  always  more  gold 
per  ton  in  the  underflow  solution  of  any  tank  than  in  the  overflow; 
but  in  the  ores  of  the  Porcupine  district  the  difference  is  very 
small.  Other  causes  may,  and  no  doubt  do,  tend  to  produce  this 
difference  between  the  overflow  and  the  underflowing  solution. 
Adsorption  is  probably  the  most  important  and  perhaps  the  least 
understood  of  these.  In  the  case  of  the  ores  of  the  Porcupine 
district  this  phenomenon  is  of  small  importance  as  the  ore  is 
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composed  of  crystalline  schists  and  quartz,  and  shows  little  or 
no  tendency  to  become  (locculent  under  the  influence  of  the 
solutions  used.  The  gold  and  silver  ores  of  the  western  States 
are  in  many  cases  in  eruptive  rocks,  which  frequently  become 
flocculent  in  solution  and  in  so  doing  seem  to  entrap  a  portion  of 
the  value  in  the  solution.  At  any  rate  there  is  a  much  more 
noticeable  difference  in  the  assays  of  tank  efifluents  in  the  case 
of  these  ores.  In  some  instances  this  has  been  attributed  to 
faulty  mixing  of  the  products  fed  to  the  tank;  in  most  plants 
riffles,  and  other  devices,  are  put  in  launders  to  ensure  thorough- 
ness in  mixing,  but  experience  in  Porcupine  would  indicate  that 
the  ordinary  launder  mixes  the  products  satisfactorily.  Ad- 
sorption then  would  seem  to  be  the  more  important  cause  of 
these  differences,  and  should  be  a  profitable  field  for  further 
investigation.  Proper  precipitation  is  essential  in  decantation, 
as  in  every  other  process.  It  will  be  observed  that  the  solution 
leaving  T4  is  of  nearly  the  same  grade  as  the  barren  solution  and 
that  any  increase  in  the  value  of  the  barren  solution  causes  an 
almost  equal  increase  in  the  value  of  the  overflow  of  T4.  As  the 
value  of  the  overflow  of  T5  is  one-half  of  the  value  of  the  overflow 
of  T4,  one-half  of  the  dissolved  gold  that  reaches  T5  in  the  under- 
flow from  T4  is  returned  in  the  overflow  of  T5  and  is  therefore 
saved.  In  other  words,  substantially  half  of  the  value  in  the 
barren  solution  is  lost  and  the  other  half  passes  successively 
through  all  the  tanks  again  on  its  way  to  precipitation.  The 
overflow  of  all  tanks  preceeding  T4  is  increased  by  precisely  the 
same  amount  that  T4  was  increased,  as  is  plainly  shown  in 
Fig.  6. 

Part  2. — Mechanical  Features. 

The  mechanical  problems  of  decantation  are  simple  but  are 
nevertheless  worthy  of  study.  The  Dorr  thickener  is  universally 
used  for  the  separation  of  pulp  and  solution  and  is  so  well  known 
and  so  standardized  that  it  need  only  be  mentioned  in  passing. 
The  arrangement  of  the  tanks  in  plan  is  largely  governed  by 
space  available  and  other  local  conditions.  In  respective 
elevation  it  is  convenient  to  have  the  last  tank  the  highest,  and 
the  preceeding  ones  successively  lower,  so  that  the  overflowing 
solutions  may  be  transferred  or  returned  by  gravity  with  a 
minimum  of  attention.   Where  such  an  arrangement  is  not  poss- 
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ible  the  tanks  may  all  be  placed  on  the  same  level,  using  auto- 
matically regulated  aii  lifts  to  transfer  the  solutions  from  tank  to 
tank.  As  a  means  of  transferring  pulp  the  diaphragm  pump  is 
preferred  to  all  otheis  for  the  reason  that  it  not  only  pumps 
efficiently  but  at  the  same  time  measures  the  volume  of  pulp 
transferred;  also  the  flow  of  pulp  is  not  easily  obstructed  by 
foreign  matter,  such  as  chips,  waste  and  the  like,  since  there  is 
no  contraction  of  the  full  bore  of  the  pipe  throughout  its  entire 
length.  The  capacity  of  the  pump  can  be  controlled  with 
certainty  by  means  of  cone  pulleys.  As  it  is  operated  from  the 
overflow  level  instead  of  at  the  bottom  of  the  tank,  the  attend- 
ant's duties  are  confined  to  one  floor.  The  operating  cost  of  a 
properly  designed  pump  is  very  low. 

Air  lifts  were  used  for  a  time  because  of  their  cheapness  and 
simplicity,  but  they  are  both  wasteful  of  power  and  are  hard  to 
regulate;  the  most  careful  watching  will  not  prevent  them  from 
'running  away',  that  is,  transferring  too  fast  and  consequently 
thinning  the  pulp  and  therefore  sending  large  quantities  of  rich 
underflow  solution  toward  the  discharge.  If,  on  the  other  hand, 
they  are  set  too  slow  the  gradual  thickening  of  the  discharge 
diminishes  the  flow  and  finally  stops  it. 

Spigot  discharge  to  a  bucket  elevator  or  centrifugal  pump 
sump  has  also  been  tried,  the  pulp  and  solution  being  mixed  and 
elevated  together.  There  are  however,  several  objections  to  this 
arrangement,  the  principal  one  being  the  increased  cost  for  more 
power,  and  for  maintenance  of  the  pumping  or  elevating  machin- 
ery. Both  solution  and  pulp  must  be  elevated  more  than  the  full 
height  of  the  tank  for  each  decantation.  The  small  stream 
of  pulp  passing  through  a  spigot  at  relatively  high  velocity  and 
pressure  is  subject  to  frequent  stoppages  from  foreign  matter, 
and  even  when  this  does  not  completely  block  the  spigot  it 
nevertheless  interferes  with  uniformity  in  operation;  in  addition 
two  floors  have  to  be  served,  one  below  and  one  above,  or  near, 
the  top  of  the  tanks. 

Some  prejudice  has  been  engendered  against  diaphragm 
pumps  because  some  of  the  earlier  makes  were  poorly  designed  for 
the  work  required  of  them.  In  addition,  defective  valves  and  poor 
regulation  were  responsible  for  much  inefficiency.  In  present 
practice  in  most  plants  in  the  Porcupine  district,  cone  pulleys 
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are  used  for  the  regulation  of  capacity,  although  some  operators 
favour  regulation  by  varying  the  length  of  stroke.  The  valves 
should  be  of  the  floating  type,  as  any  hinge  device  will  catch  the 
wood  chips  that  are  present  in  the  best  screened  pulp.  The 
chips  lodging  in  the  hinge  of  the  valve  cause  leaks,  which,  though 
small  at  first  cause  cutting  of  the  seat  and  consequent  permanent 
leakage.  With  the  floating  valve  there  is  no  place  for  chips 
to  lodge  and  the  whole  circumference  of  the  seat  is  washed  by 
the  pulp  at  every  stroke.  This  type  of  valve  also  has  the  ad- 
vantage that  the  lower  valve  may  be  placed  directly  below  the 
upper  one  and  made  small  enough  to  be  lifted  out  through  the 
upper  valve  seat  after  the  upper  valve  has  been  removed.  As 
no  tools  are  required  for  the  removal  of  these  valves  it  is  a  simple 
matter  to  inspect  them.  The  best  results  have  been  obtained 
when  the  working  surfaces  of  both  the  valve  and  seat  were  of 
high  grade  rubber.  At  first  belting  was  used,  but  it  was  found 
that  minute  leaks  were  sure  to  start,  because  belting  is  not  yield- 
ing enough  to  close  over  any  chip  that  may  lodge  on  the  valve 
seat;  a  leak  thus  started  ruins  both  valve  and  seat  in  the  course 
of  a  few  days.  On  the  other  hand  valves  of  rubber,  seating 
on  rubber,  have  been  in  use  six  months  without  the  slightest 
decrease  in  efiiciency  and  with  scarcely  perceptible  wear. 
Diaphragm  pumps  have  been  operated  at  speeds  varying  from 
15  to  100,  the  higher  speeds  usually  in  conjunction  with  a  short 
stroke.  The  practice  at  the  Hollinger  mill  has  been  to  uselowspeed 
and  a  stroke  as  long  as  the  diaphragm  can  safely  stand.  Measure- 
ments taken  on  the  Hollinger  pumps  equipped  with  standard 
No.  4  Gould  diaphragms  at  3"  strokes  gave  results  as  shown  in 
the  following  table: 


No.  of  Strokes 

\'olume  per 
Stroke 

Specific 
Gravity 

%  of  Solids 

14.5 
23.0 

.139cu.  ft. 
.148  "  " 

1.54 
1.48 

54.5 
50.5 

Tons  Solids 
Pumped    per    Day 

%  Increase  in 
Speed 

%  Increase  in 

Volume  per 

Stroke 

%  Increase  in 
Tonnage 

76.3 
114.5 

58.5 

6.5 

50 
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From  the  above  figures,  which  are  typical  of  numbers  of  tests 
made,  it  may  be  inferred  that  the  volume  pumped  is  roughly 
proportional  to  the  speed  of  the  pump,  but  that  leakage  is 
slightly  greater  on  the  lower  speeds. 

By  low  speeds,  and  by  placing  the  discharge  lips  high  enough 
above  the  discharge  valve  to  allow  three  or  four  inches  of  pulp 
over  the  valve  at  the  end  of  the  up  stroke,  the  diaphragm  pumps 
of  the  Porcupine  district  are  practically  free  of  the  splash  and 
dirt  that  heretofore  have  been  one  of  the  chief  objections  to 
them.  Where  tanks  have  a  settling  capacity  of  over  125  tons 
of  solids  per  day  it  may  be  found  advisable  to  use  two  diaphragm 
pumps  in  parallel,  making  a  duplex,  or  even  a  triplex,  pump. 
This  arrangement  has  several  advantages;  at  the  lower  speed 
strains  of  the  pump  are  lessened  and  distributed;  repairs  can  also 
be  made  on  one  unit  without  complete  stoppage  of  the  tank 
discharge.  To  guard  against  troubles  caused  by  foreign  matter, 
it  is  advisable  to  screen  the  pulp  before  it  goes  to  the  decantation 
tanks;  and  where  small  wood  chips  are  to  be  expected  a  fairly 
fine  screen,  usually  of  punched  plate,  will  be  of  great  service  in 
protecting  thickeners  and  pumps. 

Every  cyanide  plant  has  some  method  of  determining  the 
amount  of  solution  precipitated,  and  in  decantation  plants  having 
only  one  series  of  tanks  the  entire  tonnage  of  solution  to  be  pre- 
cipitated is  used  at  one  place.  If,  however,  there  are  more  than 
one  series  of  tanks  it  becomes  important  to  split  this  solution  into 
parts  proportional  to  the  tonnage  of  ore  being  washed  in  each 
series.  This  cannot  be  done  by  regulating  the  valve  at  the  outlet 
of  the  barren  line,  as  trial  has  shown  that  under  some  conditions 
an  increase  of  as  much  as  50%  can  be  made  in  the  amount 
flowing  from  a  pipe  line  without  any  visible  change  in  the  stream. 
The  difficulty  has  been  overcome  by  the  use  of  'V  notch  weir 
boxes,  one  for  each  series  of  tanks.  In  each  weir  box  is  a  float 
compartment  and  a  float  operating  an  indicator  on  a  scale 
which  reads  tons  per  24  hrs.  While  the  weir  box,  which  can  be 
readily  made  at  any  mine,  is  not  a  recording  instrument  and  gives 
only  an  instantaneous  rate  reading,  its  use  greatly  simplifies  the 
problem  of  proper  distribution  of  barren  solution.  Water  also 
should  be  added  in  proper  quantity  and  uniformly  distributed. 
A  smaller  weir  box  has  been  found  convenient  for  this  purpose. 
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It  is  usual  to  determine  the  specific  gravities  of  various 
pump  discharges  in  a  decantation  plant  at  least  once  a  shift. 
In  a  small  plant  this  consumes  little  time;  but  if  a  large  number 
of  measurements  are  necessary  the  distance  to  be  covered  by  the 
operator  is  considerable,  especially  if  he  has  to  return  to  a  central 
point  for  each  weighing.  In  such  plants  a  portable  spring 
balance,  having  a  dial  and  revolving  hand,  is  recommended. 
I  have  used  a  milk  scale  having  an  adjustable  tare -indicating 
hand  which  makes  one  complete  revolution  for  ten  pounds.  I 
use  a  narrow  necked  can  which  holds  just  ten  pounds  of  water 
when  level  full.  This  makes  it  possible  to  add  a  paper  dial  which 
can  be  divided  easily  so  as  to  read  specific  gravities  directly. 
The  large  sample  makes  accurate  readings  possible,  and  enables 
the  operator  to  determine  specific  gravity  at  the  place  where  the 
sample  is  taken. 

In  his  paper  on  the  "Dorr  Metallurgical  Apparatus,"  Mr. 
Dorr  referred  to  the  future  use  of  tray  thickeners,  and  spoke 
of  the  possibility  of  a  complete  decantation  plant  being  installed 
in  one  tank.  While  this  has  not  been  done  as  yet,  a  four  step 
decantation  followed  by  a  continuous  filter  is  in  operation,  the 
four  steps  of  the  decantation  being  completed  in  two  tanks 
equipped  with  single  trays.  No  figures  have  been  made  public, 
but  the  results  are  said  to  be  creditable.  Another  use  of  the  tray 
in  decantation,  to  be  tried  shortly  at  the  Hollinger  mill,  is  the 
use  of  trays  to  increase  the  capacity  of  an  existing  plant 
rather  than  to  decrease  the  number  of  tanks  installed.  Since 
the  same  grade  of  solution  is  handled  in  both  tank  and  tray  there 
is  no  danger  of  any  mixing  of  solutions  of  different  grades.  This 
plan  should  decrease  the  cost  of  building,  tank  foundations,  and 
building  site,  in  almost  direct  proportion  to  the  increase  in  capa- 
city gained,  while  tank-cost,  power,  and  labour  can  be  expected  to 
decrease  to  a  marked  degree.  The  outcome  of  this  experiment 
should  have  a  direct  bearing  on  the  future  of  the  decantation 
process.  It  must  be  borne  in  mind  in  this  connection  however, 
that  some  slimes  require  time  for  their  final  thickening  and 
consequently  necessitate  a  tank  of  some  depth,  while  other  slimes 
find  their  capacity  limit  in  the  thin  pulp  settling  rate.  For  this 
latter  class,  as  explained  by  Messrs.  Coe  and  Clevenger  in  their 
paper  on  "Slime  Settling,"  a  shallow  tank  or  tray  is  sufficient. 
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while  for  the  former  class  a  tank  of  carefully  calculated  depth 
to  give  the  required  time  for  thickening,  is  required. 

The  tray  thickeners  (See  Fig.  7)  in  use  at  the  Hollinger  are 
now  operatmg  very  successfully,  although  it  has  not  been  ad- 
\isable  to  operate  them  to  their  fullest  capacity.  They  are  now 
handling  daily  70%  more  than  the  open  tanks  and  with  identical 
metallurgical  results.  For  a  period  of  three  days  they  were 
operated  at  a  capacity  substantially  double  that  of  the  simple 


Fig.  7 


tank,  although  the  diluting  solutions  were  not  quite  up  to  the 
proper  ratio.     The  connected  type  tray,  as  it  is  called  by  the 
manufacturers,  has  two  sets  of  arms  mounted  on  the  same  shaft. 
A  steel  deck  or  tray  is  suspended  from  the  sides  of  the  tank. 
No  braces  or  beams  are  used.     At  the  centre  is  an  opening,  18"  in 
diameter  in  this  case,  through  which  the  shaft  passes.     A  tube  or 
sleeve  of  the  same  diameter  is  riveted  to  the  edges  of  this  opening 
and  extends  upward  a  short  distance  as  shown  at  4.     This  tube  is 
open  at  the  top  and  forms  a  free  passage  to  the  space  below  the 
tray.     The  upper  arms  sweep  the  tray  in  the  same  manner  that 
the  lower  arms  sweep  the  bottom,  but  the  discharge  opening  is 
necessarily  off  centre.     This  is  indicated  by  the  connection  of  the 
pump  suction  to  the  tray.  No.  5.     The  whole  feed  enters  the 
tank  at  the  center  through  the  launder  1,  and  the  feed  well  2 
It  then  spreads  out  and  settles  on  the  tray  3  as  in  the  ordinary 
tank,    the   clear   solution   overflowing  the   rim  as   usual.     The 
thickened  material  is  removed  through  the  pump  line  5.     The 
heavy  feed  will  soon  cause  the  tank  to  give  indications  of  muddy 
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overflow.  Solution  is  now  drawn  from  the  bottom  section  of  the 
sank  through  overflow  Hnes  7.  This  is  accomplished  by  lowering 
the  top  of  the  pipe  by  removing  rings  8  so  that  the  head  in  the 
tank  is  greater  than  that  of  the  pipe.  An  upward  flow  through  7 
takes  place  which  causes  an  equal  flow  down  through  the  tube 
4.  This  flow  forms  the  feed  to  the  bottom  section  of  the  tank 
where  it  settles  and  the  solids  are  removed  in  the  usual  way 
through  a  separate  pump  line  6  and  a  separate  pump.  The 
result  of  this  method  of  operating  is  that  the  greater  part  of 
the  solids,  especially  the  coarse,  is  recovered  from  the  upper 
section  of  the  tank  while  a  large  part  of  the  solution  passes 
through  the  bottom. 


Part  III. — The  Decantatiox  Plant  of  the  Hollixger 
Coxsolidated  Gold  Mixes  Limited. 

The  Hollinger  decantation  plant  consists  at  present  of  five 
rows  of  40-feet  tanks,  four  tanks  to  a  row,  forming  a  plant  of 
five  units.  The  tanks  are  arranged  with  a  difference  in  elevation 
of  2  feet  6  inches  between  steps,  the  final  tanks  of  the  series 
being  the  highest  so  that  all  solutions  gravitate  through  and  out  of 
the  plant  to  preciptiation.  The  'Barrett  Specification'  roof 
is  supported  on  flat  trusses,  the  lower  chords  of  which  pass  just 
above  the  tank  rims.  These  trusses  also  serve  to  support  the 
thickener  mechanismxs  and  the  walks  between  the  tanks.  The 
diaphragm  pumps  in  this  plant  were  designed  by  the  Company's 
staft",  and  have  proved  very  reliable  and  economical.  They  are 
all  three-throw  or  triplex  pumps,  so  that  in  spite  of  the  large 
tonnage  handled  the  duty  on  each  diaphragm  is  light.  It  is 
not  uncommon  for  diaphragms  to  last  300  days,  while  the  life 
of  the  present  type  of  valves  and  seats  has  yet  to  be  determined. 
The  pumps  are  used  not  only  to  transfer  pulp,  but  also  its  final 
discharge.  This  makes  regulation  of  the  final  discharge  for 
moisture  much  easier,  more  reliable,  keeps  the  work  of  the  oper- 
ator all  on  the  upper  floor  and  allows  the  tailing  to  be  discharged 
at  a  considerably  greater  elevation  than  would  otherwise  be  the 
case.    The  barren  solution  and  water  added  to  each  row  is  mea- 
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sured  by  separate  float-readiiiR  weir  boxes,  assuring  uniform  re- 
sults from  the  \'arious  units. 

Labour. — The  plant  is  operated  by  one  man  per  shift  who 
oils  all  machinery,  watches  and  adjusts  the  pumps  and  records 
their  performance.  The  solution  man  makes  titrations  and 
regulates  the  addition  of  water  and  solution,  but  has  no  other 
duties  in  the  decantation  plant.  A  repair  man  on  day  shift 
makes  all  repairs  and  has  time  for  other  work. 

Poiver. — The  power  including  motor  and  line  shaft  losses 
for  the  twenty  tanks,  four  of  them  containing  tray  mechanisms, 
is  9.2  h.p.  while  the  corresponding  figure  for  the  24  three  throw- 
diagram  pumps  in  the  plant  is  11.1  h.p.  making  the  total  powder 
consumed  in  the  plant  20.3  h.p. 

Cost. — The  costs  for  the  tw^elve  weeks  from  January  28th. 
to  April  21st.,  1916,  have  been  taken  as  typical  of  what  is  ac- 
complished in  this  plant  at  its  present  capacity.  During  this 
time  85,854  tons  were  decanted  at  a  cost  of  $599.00  for  supplies 
including  power,  and  $1,194.00  for  labour:  of  .007c.  per  ton  for 
power  and  supplies,  and  .0139  for  labour,  making  a  total  of  .0209 
cents  per  ton  for  decantation.  Labour  costs,  no  doubt  are 
higher  now  than  they  will  be  in  the  future,  as  a  greatly  increased 
tonnage  is  to  be  treated;  w^hile  supplies  and  power  costs  should 
remain  nearly  the  same.  The  present  cost  is  about  40%  of  the 
cost  of  filtering  the  same  daily  tonnage  wdth  leaf  filters. 

Extraction  and  Recovery. — From  the  ores  of  the  Porcupine 
district  the  recovery  by  dilution  seems  to  be  almost  the  theoret- 
ical maximum.  Adsorption  does  not  seem  to  have  any  appreciable 
effect.  There  is  a  slight  dissolving  during  decantation,  which, 
while  it  adds  to  the  recovery,  makes  the  soluble  loss  somewhat 
greater  than  it  would  otherwise  be.  The  figures  quoted  below 
on  chemical  consumption  and  recovery  refer  to  only  two  units 
of  the  Hollinger  plant.  The  figures  for  these  units  are  given 
because  the  other  units  of  the  mill  share  their  feed  and  likewise 
their  barren  solution  with  the  original  Moore  filter  plant,  but 
for  commercial  reasons  the  two  units  in  question  have  been  given 
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a  separate  solution  system  and  separate  precipitation  presses. 
These  tvvo  units  are  therefore  the  only  ones  for  which  all  the 
figures  are  available.  In  comparing  the  results  quoted,  however, 
it  should  be  borne  in  mind  that  the  flow  sheet  has  been  modified 
in  this  plant  because  of  limitations  of  space,  so  that  the  overflow 
of  T2,  instead  of  that  of  Tl,  goes  to  precipitation.  The  effect  of 
this  is  to  raise  the  theoretical  value  of  the  overflow  of  the  last 
tank  3  cents  at  3  to  1  precipitation. 

A  statement  of  results  follows: — 

Period  covered : — Same  as  that  for  which  costs  were  given — 
from  January  28th,  1916,  to  April  21st.  1916. 

Tons  of  Ore  treated:— 38,885. 

Value  per  ton  of  ore  treated: — S8.92. 

Ratio  of  ore  to  solution  precipitated: — 100  to  285. 

Tons  solution  precipitated: — 110,604. 

Strength  of  cyanide  used: — 0.9  pounds  per  ton,  or  .0045%. 

Cyanide  added  per  ton  of  ore : — .46  pounds. 

Difference  between  pulp  feed  and  pulp  discharge  for  first 
tank  after  agitators:— 25c. 

Average  moisture  in  tails: — 45%. 

Average  value  of  barren  solution: — 3.2c. 

Dissolved  gold  per  ton  of  solution  discharged: — 11.71c. 

Dissolved  gold  per  ton  of  ore  discharged: — 9.57c. 

Taking  into  consideration  the  flow  sheet,  the  grade  of  ore 
treated,  the  barren  solution  used,  and  the  thickness  of  pulp 
attained,  it  is  theoretically  possible  to  reduce  the  overflow  of  the 
last  tank  to  7.6c.,  leaving  a  difference  of  4.1c.  to  be  accounted  for 
by  continued  dissohing,  adsorption,  etc.  Viewed  in  one  way  it 
may  be  said  that  actual  losses  are  54%  higher  than  theoretical, 
but  where  one  is  dealing  with  samples  so  easily  affected  by  faulty 
manipulation,  and  where  any  error,  except  losses  in  assaying, 
tends  to  raise  the  results,  a  check  to  4  cents  appears  satisfactory. 
The  average  loss  would  have  been  somewhat  less  if  the  occasional 
high  results  had  been  omitted:  but  this  was  not  done. 
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From  the  foregoing  I  believe  that  one  is  warranted  in 
concluding  that  a  reasonably  accurate  forecast  of  the  results  to 
be  expected  from  a  decantation  plant  can  be  made,  and  that 
the  results  will  compare  very  favourable  with  the  results  obtained 
from  filter  plants. 

In  conclusion  I  acknowledge  my  indebtedness  to  Mr.  P.  A. 
Robbins,  Managing  Director  of  the  Hollinger  Company,  for 
permission  to  quote  results  from  the  Hollinger  plant. 


REFRACTORY  MATERIALS  IN  CANADA.^ 
By  N.  B.  Davis. 

Annual  Meeting,  Montreal,  March,  1917 

The  most  important  accessory  to  the  practice  of  metallurgy 
and  ceramics  is  a  suitable  refractory  material — a  substance  that 
will  withstand  high  temperatures  and  the  accompanying  physical 
and  chemical  conditions  of  abrasion  and  corrosion. 

Blast  furnaces,  melting  furnaces  of  every  description, 
converters,  etc.,  (the  tools  of  the  metallurgist),  kilns  used  in  the 
lime,  cem.ent,  glass,  and  clay  industries,  (the  tools  of  the  cera- 
mist) all  require  to  be  lined  with  a  refractory  material,  either 
acid,  basic,  or  neutral  in  character,  depending  on  the  nature  of 
the  work. 

In  Canada  the  great  majorit>^  of  the  industries  using  re- 
fractories are  dependent  on  American  and  European  importations, 
a  condition  that  has  been  a  natural  outcome  of  the  transplanting 
of  industries,  of  a  small  population  and  of  a  long  frontier.  There 
has  also  been  a  lack  of  knowledge  of  refractory  raw  materials  in 
the  older  parts  of  the  Dominion.  It  has  been  but  recently,  under 
the  stress  of  war  conditions  that  our  industries  using  refractories 
have  begun  to  appreciate  the  necessity  of  utilizing  Canadian  raw 
materials  for  the  manufacture  of  the  finished  article  into  which 
they  enter. 

The  fuel  supply  is  a  very  important  item  in  the  manufacture 
of  refractories,  since  high  temperatures  must  be  used  in  burning 
the  ware.  Ontario,  the  principal  manufacturing  province,  has 
not  a  local  supply  of  coal,  and  hence  imports  both  fuel  and 
refractories,  largely  from  Pennsylvania. 

Quebec  imports  all  its  coal  supply  from  Pennsylvania  and 
Nova  Scotia.  Refractories  are  drawn  from  Pennsylvania  and 
Scotland.  There  is  a  small  local  production  of  special  shapes 
manufactured  from  imported  American  clays. 

The  Maritime  Provinces  draw  coal  from  Nova  Scotia  fields 
and  refractories  mainlv  from  Scotland.    The  Nova  Scotia  Steel 
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«&  Coal  Co.,  has  recently  installed  a  firebrick  plant  at  Sydney- 
Mines  and  started  the  manufacture  of  fireclay  shapes  for  use 
in  ladle  linings,  generative  chambers,  flues,  etc. 

The  industries  in  the  Middle  West — Manitoba,  Saskatche- 
wan, and  Alberta — draw  coal  from  the  United  States  and  the 
Alberta  fields.  Refractories  are  largely  imported  from  St.  Louis 
district  and  from  Pennsylvania.  In  the  Province  of  Saskatchewan 
there  is  one  plant  in  operation  making  firebrick  at  Claybank, 
about  25  miles  south  of  Moosejaw. 

The  Pacific  coast  industries  use  local  coal  and  import  some 
refractory  materials  from  the  United  States  and  Scotland.  The 
most  extensive  plant  manufacturing  refractory  goods  in  Canada  is 
located  at  Clayburn,  British  Columbia.  It  includes  the  manufac- 
ture of  retorts  in  addition  to  standard  firebrick  and  special 
shapes  for  furnaces. 

The  manufacture  of  refractory  ware  in  Canada  is  therefore 
limited  to  a  small  plant  at  Sydney,  Nova  Scotia,  one  at  Mont- 
real, and  one  at  St.  John,  Quebec,  one  fair  sized  plant  at 
Claybank,  Saskatchewan,  and  a  larger  plant  at  Clayburn,  British 
Columbia. 

Distribution  of  Raw  Materials. — Neutral  Refractories. 
Clays  and  Shales. 

Maritime  Provinces. — The  clay  and  shale  beds  associated 
with  the  coal  seams  in  Nova  Scotia  are  for  the  most  part  easily 
fusible  materials,  which  cannot  be  classed  even  as  semi-refractory. 

The  only  materials,  so  far  found  in  the  coal  districts,  which 
approach  the  requirements  for  refractoriness,  consist  of  a  3-foot 
bed  of  plastic  clay  overlying  the  13-foot  seam  at  Inverness  and  a 
4- foot  bed  of  hard  shale  underlying  the  No.  3  coal  seam  at  the  mine 
of  the  Intercolonial  Coal  Company  at  Westville.  These  have  a 
refractory  value  up  to  2600°F. 

The  most  refractory  clay  known  in  Nova  Scotia  does  not 
occur  in  the  coal  measures,  but  is  found  in  unconsolidated 
Cretaceous  clays  at  Shubenacadie,  on  the  line  of  the  Intercolonial 
Railway.  Tests  on  this  material  show  it  to  be  a  number  2 
refractory,  deforming  at  cone  30  (3100  degrees  F.).   The  white  or 
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grey  clay  at  Middle  Musquodoboit,  16  miles  east  of  Shubenaca- 
die,  is  of  similar  age  and  character. 

A  felsite  rock  occurring  at  Coxheath  near  Sydney  has 
refractory  qualities  but  is  non-plastic.  When  crushed  and  bonded 
with  plastic  fireclay  it  can  be  manufactured  into  a  very  desirable 
firebrick. 

The  most  refractory  clay  so  far  found  in  New  Brunswick 
occurs  under  the  thin  coal  seam  at  Flower  Cove,  in  the  Grand 
Lake  coal  area.  It  is  only  semi-refractory,  as  it  deforms  at  the 
softening  point  of  cone  25  (2966  degrees  F.) 

Quebec. — The  only  important  source  of  refractory  clay 
in  Quebec  is  confined  at  present  to  the  kaolin  deposit  at  St.  Remi, 
d'Amherst,  situated  70  miles  northwest  of  Montreal.  Preliminary 
experiments  with  the  crude  kaolin  for  the  manufacture  of  fire- 
brick have  given  promising  results  and  the  material  is  now  being 
tested  on  a  commercial  scale.  A  large  quantity  of  this  material 
is  being  revealed  in  the  development  work  at  the  mine  and  it  is 
probable  that  intensive  prospecting  of  the  adjacent  ground  will 
result  in  the  finding  of  other  bodies  of  kaolin. 

An  occurrence  of  residual  clay  is  reported  in  Two  Mountains 
county,  near  the  line  of  the  Canadian  Northern  Railway.  This 
material  has  refractory  qualities,  but  the  deposit  is  considered 
too  small  to  be  of  economic  value. 

Ontario. — Fireclay  is  of  rare  occurrence  in  the  Province 
of  Ontario,  and  none  is  found  in  the  more  settled  portions.  There 
is  a  heavy  annual  importation  of  refractory  goods  to  supply  the 
needs  of  the  large  and  varied  industries.  A  preliminary  survey 
of  the  province  has  resulted  in  finding  only  two  localities  in  which 
fireclay  occurs;  one  being  at  the  Helen  iron  mine  in  Michipicoten, 
where  a  diabase  dike  has  weathered  into  a  residual  clay.  This 
material  softens  at  about  cone  26  (2950  degrees  F.)  The  other 
deposit  occurs  on  the  Missanaibi  river  about  40  miles  north  of 
the  crossing  of  the  National  Transcontinental  railway.  It  appears 
to  be  extensive,  but  owing  to  the  remoteness  cannot  be  said  to  be 
of  commercial  importance  at  present.  The  search  for  refractory 
materials  in  Northern  Ontario  has  never  been  seriously  under- 
taken but  the  prospects  of  finding  new  deposits  are  good. 
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Manitoba. — No  good  refractory  clays  are  reported  from 
Manitoba,  but  some  prospecting  for  this  purpose  remains  to  be 
done,  particularly  in  the  Dakota  horizon  of  the  Cretaceous. 
The  Odanah  horizon  of  the  Cretaceous  outcropping  at  Turtle 
Mountain,  La  Riviere,  and  in  the  Assiniboine  valley  near  Virden, 
consists  of  a  hard  grey  shale  that  may  be  regarded  as  semi- 
refractory.  It  withstands  temperatures  up  to  cone  15  (2600 
degrees  F.)  before  deforming.  Like  the  semi-refractory  shale 
used  at  Sydney,  N.S.,  it  may  have  a  local  value  as  a  refractory 
for  medium  temperature  work.  This  shale  is  known  as  far  west 
as  Tantallon  in  the  Qu'Appelle  valley. 

Saskatchewan. — The  southern  part  of  the  Province  of  Sas- 
katchewan is  particularly  rich  in  refractory  and  semi-refractory 
clays.  For  a  number  of  years  a  drypress  face  brick  plant  has  been 
in  operation  at  Claybank  in  the  Dirt  Hills  south  of  Moosejaw. 
The  material  used  is  a  high-grade  (No.  2)  fireclay  and  although 
the  most  of  the  brick  manufactured  in  the  past  have  been  sold 
as  face  brick,  a  certain  amount  have  been  used  as  firebrick. 
During  the  past  year  the  company  has  been  reorganized  and  it 
is  proposed  to  manufacture  standard  firebrick  and  special  shapes 
as  well  as  the  regular  line  of  face  brick. 

Similar  clays  to  those  used  at  Claybank  occur  at  the  north 
end  of  Lake-of-the-Rivers,  near  Mitchellton  on  the  Canadian 
Northern;  also  along  the  Canadian  Pacific,  Sterling  branch  at 
Willows;  south  of  Twelve  Mile  lake;  and  along  the  Frenchman 
river  valley  in  the  Cypress  Hills  from  Eastend  to  Palisade.  The 
clays  of  the  Lake-of-the-Rivers  valley.  Wood  Mountain  and 
Dirt  Hills,  are  more  refractory  than  the  clays  further  west.  The 
former  deform  around  3150  degrees  F.  while  the  latter  seldom 
remain  intact  above  2900  degrees  F.  The  clays  of  the  Cypress 
Hills  are  more  suitable  for  the  manufacture  of  vitrified  clay 
ware,  such  as  sewerpipe  and  stoneware. 

Alberta. — No  fireclays  have  been  found  among  the  clay  and 
shale  deposits  of  southern  Alberta  up  to  the  present.  Beds  of 
high-grade  clays  occur  in  northern  Alberta  along  the  Athabasca 
river  for  some  distance  north  of  McMurray.  Most  of  these  clays 
are  of  the  stoneware  type  and  semi-refractory,  but  one  bed  was 
found  to  meet  the  requirements  of  a  fireclay.    These  clays  are 
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apparently  in  the  Dakota  formation  at  the  base  of  the  Cretaceous, 
and  intimately  associated  with  the  tar  sands,  in  fact  some  of 
them  are  rendered  almost  useless  by  the  impregnation  of  finely 
divided  carbonaceous  matter. 

British  Columbia. — The  most  important  sources  of  refractory 
clays  at  present  known  in  British  Columbia  are  the  Tertiary  beds 
iii  Sumas  mountain,  where  about  15  feet  of  hard  fireclay  is 
interbedded  with  other  shales  of  a  semi-refractory  character, 
together  with  some  useful  vitrifying  shales.  This  section  on  the 
whole  contains  the  best  series  of  materials  known  in  Canada  for 
the  manufacture  of  a  varied  range  of  clay  products. 

Refractory  shales  with  similar  associations  to  those  at  Sumas 
Mountain  occur  at  Blue  Mountain,  near  Whonnock  on  the  Cana- 
dian Pacific  Railway.  Fireclay  of  residual  origin  occurring  at 
Kyuquot  is  shipped  to  Victoria  for  the  manufacture  of  stove 
linings  and  sewerpipe. 

Several  samples  of  so-called  kaolin  have  been  forwarded 
from  British  Columbia  to  the  Mines  Branch  for  examination, 
but  all  of  these  have  proved  on  testing  to  be  either  diatomaceous 
earth  or  volcanic  ash.  It  is  quite  probable,  however,  that  kaolin 
deposits  of  commercial  value  will  be  discovered  in  the  Interior 
Plateau  region. 

Chromite 

Of  the  neutral  refractories,  chrome  brick  are  of  the  greatest 
importance  in  the  metallurgy  of  iron,  copper,  antimony  and  tin. 
In  the  manufacture  of  these  bricks,  chromite,  a  sesqui-oxide  of 
chromium  (FeO,  CrjOj)  usually  termed  chrome  ore  is  used.  It  is 
extremely  refractory  and  practically  neutral,  which  properties 
give  it  its  value.  The  natural  chrome  ore  is  mixed  with  a  suitable 
binder,  when  necessary,  such  as  fireclay  or  a  mixture  of  low 
calcined  MgO  and  MgClj,  and  manufactured  into  brick.  The 
chief  use  of  chromite  brick  is  as  a  buffer  or  separating  course  or 
lining  between  a  basic  bottom  or  hearth  and  acid  or  neutral  wall 
and  crown  in  order  to  prevent  any  reaction  at  high  temperatures 
between  the  basic  and  acid  materials. 

The  Province  of  Quebec,  as  in  the  case  of  magnesite,  has 
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become  a  lar^e  shipper  of  chromite,  the  j)roduction  being  14,397 
tons  in  1915.  Most  of  the  production  comes  from  the  Black 
Lake  area,  where  it  occurs  as  irregular  masses  and  disseminated 
grains  in  serpentine  rocks. 

For  refractory  purposes  chromite  ore  is  sold  on  the  market 
on  the  basis  of  a  minimum  of  25%  CrjOj.  The  material  is  hand 
cobbed  and  also  wet  concentrated  for  the  market. 

Chromite  is  known  to  occur  at  Tulameen  and  on  Scottie 
creek  in  the  Clinton  Mining  Division,  and  on  Taylor  creek  in  the 
Lillooet  Mining  Division,  British  Columbia. 

The  geological  associations  of  the  chromite  and  magnesite 
in  these  areas  are  upturned  Cretaceous  sediments,  intruded  by 
peridotite,  being  similar  to  the  occurrence  of  the  same  minerals 
in  California. 

Bone  Ash 

Bone  ash  is  a  less  prominent  neutral  refractory  but  has  its 
use  in  the  metallurgy  of  lead  and  for  assaying. 

The  amount  of  bone  ash  used  in  Canada  for  this  purpose  is 
limited  and  the  market  for  a  susbtitute  is  small.  Experiments 
are  projected  to  ascertain  the  value  of  the  mineral  apatite  as  a 
substitute. 

Acid  Refractories 

Two  kinds  of  silica  refractories  are  used  in  the  various 
industries,  one  having  lime  as  the  bonding  material  and  the 
other  clay. 

For  making  silica  brick,  pure  quartzite  is  crushed  and  milled 
in  a  wet  pan  with  milk  of  lime.  The  milling  is  done  as  thoroughly 
as  possible  in  order  that  each  particle  of  quartzite  may  be  coated 
with  lime  and  a  slightly  cohesive  mass  produced.  The  bricks  are 
made  by  hand  and  partially  dried,  then  repressed  by  machinery 
and  sent  to  the  kiln  for  burning. 

Some  hard  sandstones  in  the  coal  measures  in  England 
contain  enough  clay  in  their  composition  to  form  a  bond  for  the 
quartz  grains  when  the  rock  is  crushed  and  milled  with  a  little 
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water.  This  when  made  up  into  shape  and  burned  is  known  as 
Gannister  brick.  A  later  development  consists  in  grinding 
pure  quartzite  with  plastic  fireclay  for  the  manufacture  of  this 
type  of  refractory. 

Ordinary  quartz  begins  to  swell  at  a  temperature  of  850° 
C.  and  continues  to  swell  the  higher  the  temperature  rises,  until 
most  of  it  is  converted  into  cristobalite  and  tridymite.  If  the 
burning  of  silica  bricks  is  not  carried  to  a  high  enough  temperature 
in  the  manufacture  they  will  expand  on  reheating,  sufficient  to 
cause  serious  damage  to  the  furnaces  into  which  they  are  built. 

Some  trials  with  various  occurrences  of  quartz  when  bonded 
with  lime  and  clay  were  made  in  the  Mines  Branch  laboratories. 

Quartz  from  the  feldspar  mines  near  Verona,  Ontario,  was 
bonded  with  2%  caustic  lime  and  5%  plastic  fireclay,  and  burned 
to  cone  20  (2780°  F).  In  both  cases  the  quartz  showed  considera- 
ble expansion  and  destroyed  the  bond  produced  in  firing,  making 
the  bricks  weak  and  crumbly. 

Quartz  from  a  large  mass  in  Levant  township,  Ontario, 
was  also  tested  in  a  similar  manner  and  it  likewise  resulted  in  a 
swollen  punky  body. 

Quartzite  from  Killarney,  Ontario,  bonded  with  3%  caustic 
lime  and  with  5%  kaolin  produced  a  good,  strong  body  with  both 
bonds  and  only  a  moderate  amount  of  swelling. 

The  quartzite  wall  rock  in  the  kaolin  mine  at  St.  Remi, 
Quebec,  is  impregnated  with  specks  and  streaks  of  kaolin  for  a 
distance  of  130  feet  from  the  main  kaolin  body.  An  average 
sample  of  the  rock  contained  about  11%  of  clay.  A  sample  of 
this  material  was  crushed  and  milled,  made  up  into  trial  pieces, 
burned  to  cone  9  (2390°  F.)  in  a  gas  kiln  and  afterwards  to  cone 
18  (2714°  F.)  in  an  electric  kiln.  The  test  pieces  were  hard  and 
dense,  showing  that  fused  bond  had  been  effected  between  the 
quartz  grains  and  the  kaolin.  The  body  was  strong  and  showed 
no  undue  swelling  on  the  part  of  the  quartz.  This  material 
appears  to  be  suitable  for  the  manufacture  of  an  acid  refractory 
brick  of  the  gannister  type,  as  it  showed  no  indication  of  softening 
at  a  temperature  of  2900°  F. 

Quartzites  of  Pre-Cambrian   age  like    those  occurring   at 
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Killarney  and  St.  Remi  are  also  found  conveniently  situated  at 
other  points  in  Eastern  Canada. 

The  Potsdam  sandstone  at  the  base  of  the  Paleozoic  in  the 
St.  Lawrence  and  Ottawa  valleys  is  often  a  quartzite,  but  tests 
made  on  this  material  for  the  manufacture  of  refractory  brick 
were  not  encouraging,  as  too  much  fine  grained  material  results 
from  crushing,  and  the  iron  content  is  too  high.  The  Potsdam 
sandstone,  however,  is  used  as  a  glass  sand  in  places  where  it  is 
free  from  iron  as  at  Beauharnois,  Quebec. 

Practically  the  same  results  w^ere  obtained  in  tests  for  silica 
brick  when  using  the  Orikany  sandstones  in  the  Devonian  rocks 
of  Southwestern  Ontario.  This  sandstone  is  crushed  and  washed 
for  glass  sand  at  Nelles  Corners. 

A  considerable  quantity  of  white  quartzite  is  contained  in 
the  Summit  series  of  Lower  Cambrian  age  in  the  Kootenay 
district,  British  Columbia.  These  quartzites  outcrop  on  Kootenay 
lake  at  Crawford  bay,  and  are  probably  the  purest  rocks  of  this 
kind  in  the  province. 

No  tests  were  made  of  this  material,  but  the  character  of 
the  rock  indicates  that  it  might  be  used  in  the  manufacture  of 
silica  brick  or  as  a  source  of  silica  for  other  purposes. 

The  tests  so  far  made  show  that  all  forms  of  quartz  are  not 
suitable  for  the  manufacture  of  refractory  ware.  Quartzites 
give  much  better  results  than  igneous  quartz  or  sandstones.  The 
sharp  splintery  particles  which  quartzite  yields  on  crushing,  form 
an  interlocking  bond  which  is  essential  to  strength  in  the  finished 
brick.  Brick  made  from  the  rounded  grains  of  sandstone  lack  the 
proper  strength  for  handling. 

Although  vein  quartz  breaks  down  into  splintery  particles 
on  crushing  it  is  not  a  desirable  material  to  use  on  account  of  its 
behaviour  on  heating. 

Basic  Refractories 

Basic  refractories  include  magnesite,  dolomite,  and  bauxite, 
or  the  artificial  product  alundum,  the  first  named  being  the  most 
important.  Until  two  years  ago  the  production  of  these  materials 
in  Canada  was  very  small ;  340  tons  of  magnesite  were  exported  in 
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1912.  With  the  coming  of  the  war  and  the  consequent  dislocation 
of  trade,  the  American  manufacturers  of  basic  refractories 
hurriedly  sought  an  American  supply.  Attention  was  turned  to 
the  occurrence  of  magnesian  dolomite  in  the  Grenville  rocks  of 
Quebec  and  prospecting  in  the  vicinity  soon  developed  the  fact 
that  there  was  considerable  dolomite  magnesite  available.  The 
rock  is  sufficiently  high  in  magnesite  to  enable  the  shippers  to 
meet  a  requirement  of  approximately  85%  MgCOj.  The  pro- 
duction has  grown  rapidly  as  shown  by  the  following  table, 
supplied  by  the  Statistics  Division  of  the  Mines  Branch. 

Production  of  Magnesite  in  Canada. 

Tons  Value 

1908 120  S  840.00 

1909 330  2,508.00 

1910... 323  2,160.00 

1911 991  5,531.00 

1912 1,714  9,645.00 

1913 515  3,335.00 

1914 358  2,240.00 

1915 14,779  126,535 .  00 

1916 55,413^  563,829.00 

Lining  the  bottoms  of  steel  furnaces  is  the  principal  use  to 
which  the  Grenville  magnesite  is  applied. 

For  this  purpose  the  magnesite  is  calcined,  then  broken  into 
small  fragments  and  mixed  with  from  15%  to  40%  of  crushed 
basic  iron  slag.  It  is  said  to  give  as  good  results  as  the  magnesite 
hitherto  imported  from  Austria. 

None  of  the  Grenville  magnesite  appears  to  be  used  in  the 
manufacture  of  refractory  brick,  on  account  of  its  high  lime 
content. 

Experiments  are  now  in  progress  in  the  Mines  Branch 
laboratories  by  Mr.  Frechette  with  the  object  of  reducing  the 
lime  content  by  mechanical  means.  The  process  of  separating 
the  lime  from  the  magnesite  is  based  on  the  difference  in  character 


^Includes  635  tons  marketed  from  Atlin,  B.C. 
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between  these  materials  after  slaking  tl,e  ealcined  mass.  If  this 
separation  ean  be  earried  out  in  praetiee  a  supply  of  high-grade 
Canadian  magnesite  can  be  placed  on  the  market 

A  considerable  quantity  of  high-grade  magnesite  associated 
w  th  serpenhmzed  peridotite  was  found  by  Mr.  Drysdale  in  he 
Brdge  nver  d.stnct  of  the  Lillooet  Mining  Division  Brit  sh 
Co  un,b.a,  but  these  deposits  are  situated  rlther  too  far?™m 
railway  transportation  at  present. 

part  ^0*1"  Rri^TTT'l'"  ''"P""''  "  ^"'"'  '"  the  northern 
part  of  British  Columbia,  vary  from  the  above  mentioned 
occurrences  as  they  are  superficial  deposits  in  a  finely  dS 
condition  and  not  rock  niasses.  This  material  although  reriotelv 
situated  could  be  used  to  advantage  on  the  Pacific  coasUn  'he 
chemical  industry  and  for  the  manufacture  of  special  cements 
Where  refractory  bricks  containing  a  high  percentat.^  of 
alumina  and  a  low  silica  content  are  Required,  bauS  is  tht 
material  employed  in  their  manufacture.  No  r;cordl^as  o  far 
been  obtained  of  the  occurrence  of  bauxite  in  Canada. 

Discussion 

Professor  M.   L.    BAKER:-Mr.    Davis'   paper  on    these 
refractory   clays,    has   proven    very   interesting'to  me  in  to 

that    w  T'"'"     °"'   "   ""  ^'^P^°""S   °f    *«   °'d    i^: 
that    we    have    no    residual    clays    in     Canada.       There    is 
evidently  one  place  in  Quebec    and    possibly    two   in   Ontario 
m   which    these    clays    have   been    found.      I   think   it    wouH 
be    mteresting    to    know    from     him,     what    that    pLtrc^^r 
deposi    on  the  Missanaibi  River  was  formed  from.    The   "ason 
I  mentioned    this   is    that    so    much    of   Canada    is    occup fed 
by  similar  pre-Cambrian  rocks  that  if  we  knew  the  0061^^  thk 
particular  clay,  we  could  then  be  on   the  watch  for  similar  d 
posits  in  other  parts  of  the  Dominion,  and  as  these  resid^l  clavs 
are  so  scarce  m  Canada  and,  therefore,    so  valuable    it  wouM 
prove  of  considerable  interest  to  know  their  origin 

Anotherpointin  connection  with  this  paper,ofmuch  interest 
was  that  m  reference  to  themanufactureof  chromite  brick.  Withi,; 
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the  last  two  or  three  years  large  areas  of  peridotite  have  been 
found  in  northern  Ontario.  Deposits  of  nickel  are  found  asso- 
ciated with  them,  and  they  are  almost  always  chrome-bearing, 
not  in  the  sense  that  they  would  supply  good  chrome  iron  ore, 
but  they  almost  all  carry  a  small  percentage  of  uniformly 
disseminated  chromite.  Peridotites  weather  so  easily  that  clays 
derivable  from  these  northern  peridotites  might  prove  of  value 
in  this  chromite  brick  manufacture. 

Mr.  N.  B.  Davis: — So  far  the  Missanaibi  river  clays  referred 
to  have  not  been  examined  in  detail ;  but  all  information  to  hand 
indicates  that  they  are  sedimentary  in  character,  and  probably 
belong  to  Tertiary  deposits  of  that  region.  The  material  probably 
was  originally  derived  from  the  weathering  of  Pre-Cambrian 
rocks. 

The  material  resulting  from  the  normal  weathering  of 
peridotite  rocks  would  be  too  high  in  ferruginous  clay  to  make 
it  of  value  as  a  refractory. 

It  would  be  well  for  prospectors  to  be  on  the  watch  for  white 
clay  when  prospecting  in  the  Pre-Cambrian  areas  of  Quebec, 
Ontario,  and  Manitoba. 

It  should  be  noted  that  the  Ceramic  Division  of  the  Mines 
Branch  is  prepared  to  examine  material  free  of  charge. 


THE  DEVELOPMENT  OF  CANADIAN  MAGNESITE 
By  Harold  J.  Roast,  F.C.S. 

Annual  Meeting,  Montreal,  March,  1917 

Magnesite  is  essentially  carbonate  of  magnesium  (MgCOj). 
The  most  objectionable  impurity  associated  with  it  is  carbonate 
of  lime.  For  some  purposes  the  presence  of  iron  oxide  is  a  detri- 
ment, but  for  others  it  is  considered  desirable  rather  than  other- 
wise. Hydro-magnesite  is  magnesite  associated  with  hydrate  of 
magnesium  and  water  (3MgC03.Mg(OH)2  +   SlhO). 

Magnesite  commonly  ranges  from  white  to  greenish  white 
in  colour,  varying  in  the  case  of  the  crystaline  variety, 
while  the  amorphous  form  is  usually  yellowish  white.  Its  speci- 
fic gravity  is  about  3;  hardness  4;  and  it  contains,  when  pure, 
52.4%  carbon  di-oxide  and  47.6%  magnesia.  It  takes  a  high 
polish  whether  amorphous  or  crystaline. 

The  two  best  known  deposits  are  those  of  Austro-Hungary 
and  of  Greece.  Austrian  magnesite  varies  from  fine  yellowish 
white  to  coarse  bluish  white  crystals.   Its  composition  is: 

Silica  and  Alumina 1 . 0% 

Oxide  of  Iron 3.0% 

Lime 1.0% 

Magnesia 45 . 0% 

Carbon  di-oxide 50.0% 


100.0% 

Its  composition  dead  burned  is: 

Silica 2 . 5% 

Alumina 0.5% 

Iron  Oxide 7.0% 

Lime 2 .  75% 

Magnesia 86 . 5% 

Carbon  di-oxide,  etc 0 .  75% 

(237) 
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Its  distinguishing  feature  is  its  high  iron  content;  which 
assists  in  making  it  sinter  when  formed  into  refractory  brick. 
Most  of  it  is  calcined  to  a  degree  that  not  only  drives  off  all 
carbonic  acid,  but  actually  shrinks  the  magnesia  to  a  dense  dark 
coloured  mass. 

Grecian  magnesite  is  of  next  importance  to  Austrian,  the 
chief  deposits  now  worked  being  those  on  the  Island  of  Euboea. 
It  is  conchoidal  in  fracture  (like  the  fracture  of  broken  china) 
and  dead  white  in  colour.    Its  analysis  is: 

Silica 3.0% 

Iron  and  Alumina 5% 

Lime 2.0% 

Magnesia 44 . 0% 

Carbonic  Acid 50.0% 

Water,  etc 0.5% 


100.0% 


As  will  be  noted,  it  contains  very  little  iron.  The  material 
formerly  mined  contained  only  a  trace  of  lime,  but  of  late  years 
its  lime  content  has  been  as  high  as  2%. 

Magnesite  occurs  also  in  Germany  near  FVankenstein, 
Silesia,  but  the  deposits  have  not  been  developed  as  extensively 
as  the  Austrian.  It  is  very  low  in  iron  and  lime.  Italy  has  deposits 
in  the  Turin  district  and  on  the  Island  of  Elba.  The  silica  content 
is  high,  about  8%.  Large  deposits  occur  in  Macedonia.  They  are 
similar  in  nature  to  those  of  Greece,  but  are  not  worked  to  any 
extent  at  present.  Norway  produces  magnesite  somewhat 
similar  to  that  of  Austria.  It  is  burned  and  manufactured  into 
refractory  bricks  containing  about  9%  of  silica,  5%  oxide  of  iron, 
and  84%  magnesia.  In  Russia  it  occurs  in  the  Urals.  Many 
thousands  of  tons  have  been  mined,  but  Russian  magnesite  is  not 
supplied  to  the  American  market.  In  Africa  in  the  Transvaal, 
magnesite  of  good  quality,  similar  to  the  Grecian  has  been  found, 
but  contains  even  less  lime.  A  deposit  of  good  quality  is  worked 
in  a  locality  in  India.  Here  a  calcining  plant  has  been  operated, 
and  bricks  manufactured.     Large  deposits  have  been  found  in 
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Australia,  but  so  far  no  serious  attempt  to  develop  them  has 
been  made. 

On  the  American  continent, magnesite  is  mined  in  Venezuela, 
and  some  has  been  marketed  in  New  York.  It  is  similar  to  the 
Grecian  ore.  A  large  boulder  deposit  exists  on  the  Island  of 
Margarita,  Mexico.  Some  magnesite  from  this  source  has  also 
been  marketed  in  New  York,  but  the  supply  has  been  very 
irregular  on  account  of  the  inadequacy  of  the  ocean  transport  ser- 
vice, Magnesite  in  the  form  of  small  water-worn  pieces,  is  found  on 
a  part  of  the  coast  of  the  Island  of  Cuba,  hence  it  is  probable  that 
a  deposit  exists  somewhere  on  the  Island.  The  largest  deposits 
in  America  are  worked  in  California.  Their  development  has 
been  proceeding  for  some  years  past.  The  magnesite  is  similar  to 
the  Grecian,  and  like  it  has  not  been  found  as  satisfactory  as 
the  Austrian  product  for  the  manufacture  of  refractory  brick. 
Before  the  war  nearly  all  the  calcined  magnesite  produced  went 
to  the  local  Californian  paper  mills.  Since  1915,  more  capital 
has  been  made  available  for  the  working  of  the  deposits,  and 
branch  railways  have  been  constructed  to  the  mines,  thereby 
enabling  the  ore  to  be  loaded  directly  on  cars.  Formerly  the  mines 
were  twenty  miles  from  a  railway.  The  magnesite  has  recently 
been  sold  to  manufacturers  of  refractory  material,  and  this  trade 
has  largely  exceeded  that  of  the  paper  mills.  Furthermore  ore 
similar  to  Austrian  magnesite,  having  6.44%  of  iron  and  1%  of 
silica  with  no  lime,  has  been  discovered  in  California.  The  whole 
of  the  product  so  far  developed  has  been  sold  to  local  steel  com- 
panies for  the  linings  of  furnaces  and  other  refractory  purposes. 
In  one  of  the  Californian  mines  a  60-foot  rotary  kiln  has  been 
erected.  From  the  foregoing,  it  will  be  apparent  that  magnesite 
is  very  widely  distributed. 

Canadian  Magnesite 

An  average  analysis  of  Canadian  magnesite  is : 

Silicia,  Iron  and  Alumina 3% 

Lime 9% 

Magnesia 40% 

Loss  on  ignition 48% 

100% 
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The  principal  deposits  of  magnesite  in  Canada  are  in  Argen- 
teuil  County,  Quebec,  between  Calumet  and  Grenville,  about 
twelve  to  fifteen  miles  north  of  the  Ottawa  River.  Three  com- 
panies are  operating  there,  although  as  yet  the  greater  part  of  the 
development  has  been  made  by  two  of  them. 

The  roads  to  the  deposits  are  rather  poorly  maintained  and 
hilly.  The  quarries  are  some  700  feet  above  the  level  of  the 
Ottawa  River.  The  district  is  well  wooded,  and  at  present  for 
calcining,  wood  is  the  fuel  used.  The  deposits  are  uniform  in  many 
respects.  The  magnesite  outcrops  in  the  form  either  of  small 
bluffs  or  of  mounds,  commonly  in  small  swamps.  It  is  character- 
istic of  magnesite  that  where  exposed  to  the  weather,  it  is  often 
altered  to  a  hydro-magnesite,  of  bright  white  colour,  which 
fact  is  of  assistance  to  the  prospector.  Where  the  deposits 
are  being  worked  a  solid  white  crystaline  magnesite  extends 
to  a  depth  of  eighty  feet  or  more.  Beneath  this  is  silicate  of 
magnesia,  and  talc  mixed  with  mica  and  serpentine.  It  is  not 
in  veins  but  rather  in  masses,  bounded  by  dolomite,  with  streaks 
of  soft  pink  calcite  here  and  there,  and  occasional  intrusions  of 
diorite. 

The  similarity  between  dolomite  and  magnesite  is  such  that 
from  appearence  only,  none,  not  even  those  intimately  acquainted 
with  the  rock,  can  decide  as  to  whether  the  lime  content  will  be 
4%  or  44%.  This  fact  has  led,  and  still  leads,  to  much  disappoint- 
ment on  the  part  of  prospectors  and  others  interested  in  the 
many  samples  of  white  rock  brought  to  Montreal  from  time  to 
time.  The  method  used  to  win  the  magnesite  is  open  quarrying 
rather  than  mining. 

Manufactured  Products 

In  the  earliest  development  of  the  deposits,  the  rock  was 
shipped  in  the  crude  form  for  the  purpose  of  making  liquid 
carbonic  acid  gas.  To  produce  this  gas  from  magnesite  the  rock 
was  first  crushed  to  a  size  of  about  3-inch  ring  and  fed  into  a 
suitable  retort  furnace,  the  retorts  being  heated  in  an  oven  so 
that  the  rock  is  heated  indirectly.  A  good  red  heat  is  considered 
the  best  temperature ;  not  that  this  heat  is  required  for  the  dis- 
sociation of  the  magnesite,  but  because  it  gives  the  best  com- 
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Quarry  and  picking  platform  of  the  Scottish-Canadian  Magnesite  Co., 
Grenville  tp.,  Que. 


Quarry  No.  2  of  the  North  American  Magnesite  Co.,  Grenville  tp..  Que. 
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mercial  results,  having  regard  to  time  and  the  pressure  at  which 
the  gas  is  released.  As  a  matter  of  fact,  magnesite  commences 
to  dissociate  at  a  temperature  of  509°  F.  and  the  whole  of  the 
carbonic  acid  gas  is  given  off  a  temperature  of  950°  F.  Limestone 
on  the  other  hand  requires  1517  °F.  to  complete  the  decomposi- 
tion. The  retorts  are  closed  gas  tight,  and  from  the  rear  end 
suitable  pipe  connections  lead  the  gas  from  all  retorts  into  a  main 
gas  line.  At  this  stage  the  gas  is  99.9%  carbonic  acid.  It  has, 
however,  a  disagreeable  odor  w^hich  is  removed  by  passing  the 
gas  through  potassium  permanganate  purifiers.  The  gas  is  then 
led  into  a  gasometer  from  which  it  is  compressed  in  stages  to  a 
final  pressure  of  about  1500  lb.  per  square  inch  at  a  temperature 
of  about  60°  F.  and  so  liquified.  The  chief  use  of  this  gas  is  in 
the  manufacture  of  soft  drinks.  In  Europe,  especially  in  Germany, 
it  has  a  larger  field  of  usefulness.  Other  forms  of  furnaces  are  also 
used,  especially  in  California;  but  modern  methods  are  opposed 
to  the  continued  use  of  magnesite  for  the  production  of  carbonic 
acid  gas  except  in  very  special  cases. 

The  carbonic  acid  gas  made  in  Canada  previous  to  the  use 
of  Canadian  magnesite  had  been  derived  from  Greece,  but  owing 
to  strikes  in  the  Grecian  mines  it  became  increasingly  difficult  to 
get  deliveries.  The  manufacture  of  carbonic  acid  gas,  as  outlined, 
produced,  as  a  by-product,  calcined  magnesite.  The  chief  outlet 
for  the  sale  of  this  product  was  in  the  United  States  for  use  in 
the  manufacture  of  composition  flooring.  On  using  Canadian 
magnesite,  as  described  above,  it  was  found  that  the  calcined 
product  was  objected  to  on  account  of  the  lime  content.  This 
caused  considerable  experimental  work  to  be  undertaken  with 
the  result  that  it  was  found  feasible  to  so  calcine  the  Canadian 
magnesite  that  the  calcined  product  made  an  artificial  floor  which 
was  quite  the  equal  of  that  produced  from  the  Grecian  article. 
The  essential  feature  in  the  calcination  of  the  Canadian  magnesite 
for  flooring  purposes  is  the  calcining  of  all  the  carbonate  of  mag- 
nesia to  oxide,  leaving  at  the  same  time  all  the  carbonate  of  lime 
untouched.  This  was  found  to  be  possible  in  retorts,  which  were 
a  modification  of  those  used  in  the  production  of  carbonic  acid 
gas.  The  flooring  trade  requires  very  finely  pulverized  magnesite, 
and  to  obtain  this  the  calcined  product  is  crushed  and  fed  into 
sets  of  vertical  burr  stones  so  adjusted  that  a  product  giving  99% 
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through  a  100  mesh  screen  is  produced.    A  typical  analysis  of 
tiiis  material  is: 

Silicia,  Iron  and  Alumina 5% 

Calcium  carbonate 23% 

Magnesium  carbonate 13% 

Magnesium  oxide,  or  magnesia 59% 


100% 


It  will  be  seen  from  these  figures  that  the  carbonate  of  lime 
is  inert  while  nearly  all  the  carbonate  of  magnesia  is  converted 
into  oxide,  which  is  the  condition  needed  in  regard  to  the  forma- 
tion of  the  cement  required.  In  the  manufacture  of  composition 
flooring,  this  calcined  magnesite  is  mixed  with  some  fibrous  filler 
such  as  wood  flour  or  sawdust  and  this  again  with  a  solution  of 
cholorlde  of  magnesium,  the  resultant  pasty  mass  is  then  spread 
on  the  foundation  and  carefully  trowelled.  In  twelve  hours  it 
is  fairly  hard,  and  in  twenty-four  hours  will  stand  walking  on, 
though  it  does  not  reach  its  maximum  hardness  for  several  days, 
depending  on  the  weather.  The  tensile  strength  of  this  flooring 
is  600  lb.  per  square  inch  at  the  end  of  four  days. 

By  the  time  the  flooring  trade  in  Canadian  magnesite  had 
been  initiated,  the  Canadian  deposits  had  been  better  developed, 
and  it  was  desired  to  extend  the  manufacture  and  sale  of  magnesite 
products.  With  this  end  in  view  the  crude  rock  was  calcined  in 
an  upright  kiln  similar  to  the  modern  lime  kiln.  This  consists  of 
a  cylindrical  shell  of  sheet  iron  lined  with  suitable  fire  brick.  At 
the  bottom  of  the  cylindrical  form,  the  kiln  runs  down  to  an  in- 
"/erted  cone;  at  the  juncture  of  these  two  parts  are  the  fire  boxes 
so  arranged  that  the  flame  from  the  fuel  impinges  on  the  rock,  the 
heat  working  its  way  through  the  rock  and  being  thus  gradually 
absorbed.  In  this  way  the  rock  going  in  at  the  top  is  gradually 
heated  until  it  comes  into  direct  contact  with  the  flame  when 
the  heat  reaches  the  maximum  and  all  the  carbonic  acid  gas  is 
driven  off.  The  calcined  material  then  works  its  way  down  into 
the  cooling  cone,  from  which  it  is  drawn  off  at  regular  intervals. 
The  process  is  continuous.   The  calcined  magnesite  is  in  the  form 
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of  fairly  large  lumps  which  are  easily  broken  up.    The  analysis  of 
this  material  is  about: 

Silica,  Iron  and  Alumina 6% 

Magnesia 75% 

Carbonate  of  Lime 4% 

Lime 15% 


100% 


Part  of  this  calcined  material  was  shipped  unground  to 
certain  pulp  mills  for  use  in  the  digestion  of  wood  pulp.  The 
magnesia  combines  with  the  sulphurous  acid  forming  magnesium 
bi-sulphite.  It  is  found  that  the  magnesium  bi-sulphite  is  more 
stable  than  the  corresponding  lime  salt  and  that  it  has  a  more 
satisfactory  solvent  action  on  the  free  resins  of  the  wood.  A 
portion  of  the  material  was  ground  to  pass  through  100  mesh 
screen,  and  shipped  to  those  pulp  mills  which  preferred  the  ground 
product.  It  was  found  that  the  volume  of  the  trade  along  these 
lines  was  not  great  enough  to  make  it  profitable,  on  the  narrow 
margin  of  profit  on  which  producers  had  to  work,  in  view  of  the 
competition  of  ordinary  lime  used  to  a  large  extent  by  the  pulp 
mills. 

There  remained  the  two  largest  uses  of  magnesite,  viz. :  re- 
fractory linings  and  hearths  for  steel  furnaces,  and  the  manufac- 
ture of  magnesite  brick.  In  the  introduction  of  Canadian  mag- 
nesite for  these  purposes,  the  chief  difficulties  were  the  presence 
of  lime  and  the  absence  of  iron.  At  first  the  difference  between 
Canadian  and  Austrian  magnesite  in  physical  appearance  owing 
to  this  absence  of  iron  was  the  main  objection  to  even  trying  the 
new  article.  In  this  connection  the  following  results  of  experi- 
ments made  by  the  writer  may  be  of  interest.  Canadian  magnesite 
will  not  fuse  or  slag  below  a  temperature  of  1800°  C.  It  will  not 
shrink  or  assume  a  dense  form  until  a  temperature  of  about 
1700°  C.  is  reached.  On  the  other  hand,  it  will  become  dense 
and  have  the  usual  properties  of  ordinary  dead  burned  magnesite 
after  being  heated  to  that  temperature.  It  has  been  stated  that 
lime  in  magnesite  will  cause  the  dead  burned  article  to  absorb 
moisture  and  so  slack  to  a  harmful  extent.  A  series  of  tests  showed 
that  Canadian  dead  burned  magnesite  carrying  as  much  as  16% 
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of  lime  does  not  slack  to  any  extent,  even  after  very  fine  grinding 
and  prolonged  exposure  to  moist  air.  The  dead  burned  Canadian 
magnesite  is  dead  white,  and  is  very  hard  being  capable  of  scratch- 
ing glass.  The  best  dead  burned  magnesite  that  could  be  obtained 
at  the  time  of  these  experiments  absorbed  from  .5%  to  .75% 
after  exposure  for  three  days,  during  which  time  the  Canadian 
article,  as  already  stated,  showed  no  appreciable  increase  in 
weight. 

This  was  the  stage  at  which  the  development  of  Canadian 
magnesite  had  arrived  prior  to  the  outbreak  of  war.  The  exclusion 
of  Austrian  and  Grecian  magnesite,  and  the  consequent  scarcity, 
resulted  in  a  trial,  or  rather  a  series  of  trials  being  given  to  Can- 
adian magnesite.  The  increase  in  the  shipment  of  both  calcined 
and  crude  magnesite  during  1915-16,  bears  testimony  to  the 
usefulness  of  this  material  for  steel  furnace  linings.  Mr.  F.  R. 
McKune,  of  the  Steel  Company  of  Canada,  has  conducted  several 
practical  tests  and  has  introduced  a  method  of  mixing  pulverized 
blast  furnace  slag  with  Canadian  magnesite,  and  so  introducing 
the  necessary  iron  binder.  It  is  found  that  the  lime  present  gives 
no  trouble,  at  least  in  open  hearth  steel  furnaces.  A  similar 
mixture  is  used  with  Californian  magnesite  using  only  half  as 
much  slag.  In  other  cases  the  dead  burned  magnesite  is  mixed 
with  some  calcined  material  and  this  again  with  a  little  sulphate 
or  chloride  of  magnesium.  The  plastic  mass  is  applied  to  the 
walls,  etc.,  of  the  furnace  and  allowed  to  set  24  hours.  When  it 
has  set  a  very  gentle  heat  is  applied  for  24  hours  and  finally  the 
furnace  is  brought  to  its  maximum  temperature. 

A  small  amount  of  refractory  brick  is  made  from  Canadian 
magnesite  in  combination  with  other  materials.  The  greater  part 
of  the  refractory  use  of  Canadian  magnesite  is  still,  however,  in 
the  form  of  granular  magnesite,  the  result  of  blending  the  Can- 
adian article  with  a  suitable  iron  content  and  other  magnesite 
lower  in  lime,  and  dead  burning.  One  of  the  most  interesting 
products  from  Canadian  magnesite  is  metallic  magnesium  made, 
by  the  electrolysis  of  the  chloride.  Both  the  solid  and  powdered 
magnesium  are  produced. 

Reference  has  been  made  to  the  hydro-magnesite  of  British 
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Columbia.  The  following  is  an  analysis  made  by  the  writer  on  a 
sample  received  recently: 

Analysis  Analysis 

of  Crude  of  Calcined 

Silica 2.10%  4.81% 

Ferric  oxide .  15%  .32% 

Alumina .30%  .65% 

Lime .05%  .11% 

Magnesia 41.00%  94.11% 

Loss  in  ignition 

(CO^H.O  and  organic).         56.4%,  

The  calcined  product  is  of  a  fine  white  colour,  not  creamy 
as  is  the  case  with  the  Quebec  magnesite.  A  portion  of  the  cal- 
cined material  was  taken  and  a  sample  of  magnesite  flooring  made 
from  it,  using  Canadian  magnesium  chloride  produced  from 
Quebec  magnesite.  The  flooring  was  thoroughly  satisfactory  both 
in  appearance  and  strength. 

The  deposit  in  British  Columbia  is  the  result  of  evaporation 
from  magnesium  bearing  waters,  and  occurs  as  a  fine  powder 
varying  from  a  few  inches  to  six  feet  in  depth,  while  one  deposit 
is  credited  with  being  over  thirty  feet  deep.  The  hydro-magnesite 
covers  many  acres,  and  is  situated  at  Atlin.  There  is  a  direct  water- 
way to  the  coast,  and  some  hundred  tons  of  this  material  has  been 
shipped  to  Vancouver  and  part  of  it  finally  to  England,  where 
it  has  been  made  into  satisfactory  magnesite  products.  Active 
steps  are  now  being  taken  with  a  view  to  placing  this  trade  on  a 
profitable  basis. 

Mention  has  been  made  of  chloride  of  magnesium  as  being 
used  together  with  calcined  magnesite  for  flooring.  This  naturally 
suggests  the  manufacture  of  the  chloride  from  Canadian  rock. 
Experiments  were  conducted  on  a  manufacturing  scale  with  the 
result  that  the  chloride  of  lime  produced  by  the  treatment  of  the 
calcined  magnesite  with  hydrochloric  acid  was  found  to  be  no 
detriment.  Research  is  being  conducted  with  a  view  to  producing 
chloride  of  magnesium  without  the  use  of  hydrochloric  acid,  as 
under  present  conditions  the  price  of  hydrochloric  acid  makes  its 
use  prohibitive  for  this  purpose. 
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Another  article  that  has  been  made  on  a  manufacturing  scale 
from  Canadian  magnesite  is  sulphate  of  magnesium  or  Epsom 
salts.  It  has  been  practicable  to  separate  the  lime  by  settling  the 
acid  liquor  obtained  from  treating  the  calcined  rock  with  sul- 
phuric acid  so  completely  as  to  leave  only  a  trace  of  lime  in  the 
final  product. 

As  regards  the  trade  future  for  Canadian  magnesite,  when 
conditions  shall  again  become  normal,  the  facts  must  not  be 
lost  sight  of  that  in  comparison  with  the  Austrian  and  Grecian 
magnesites,  the  relatively  high  lime  content  of  the  Quebec 
product  is  a  serious  detriment,  while  also  iron  must  be  introduced 
into  the  Canadian  magnesite,  whereas  with  Austrian  magnesite 
this  is  not  necessary.  In  bidding  for  trade,  foreign  competitors 
will  doubtless  make  the  most  of  these  facts  to  discredit  the  Cana- 
dian product.  It  must  also  not  be  forgotten  that  the  Austrian 
deposits  are  particularly  well  developed  and  are  equipped  with 
the  very  latest  machinery,  and  in  that  country  labour  is  cheap. 
Again  in  respect  of  the  refractory  trade,  Californian  competition 
is  to  be  reckoned  with;  for,  as  already  mentioned,  the  nature 
of  the  magnesite  found  there  is  strikingly  similar  to  that  of 
the  Austrian  product — a  feature  that  will  commend  itself  to 
consumers.  Moreover  a  great  deal  of  capital,  it  should  be  noted, 
has  been  invested  in  the  development  of  the  California  deposits 
during  the  past  two  years;  and  under  peace  conditions,  and  pro- 
viding shipments  can  be  made  dependably  via  the  Panama 
Canal,  California  magnesite  could  be  delivered  in  the  eastern 
American  markets  to  sell  at  a  price  low  enough  to  compete 
with  the  products  of  Austria  or  of  Canada.  Although  as  high 
a  price  as  from  $20  to  $25  per  ton  was  realized  for  Austrian 
dead  burned  magnesite  towards  the  end  of  the  time  when  it 
was  obtainable,  the  normal  price  is  about  $16  per  ton. 
This  price  ruled  when  there  was  no  serious  competition;  and 
hence  it  is  reasonable  to  suppose  that  this  price  would  be  reduced 
if  necessary  to  defeat  competition.  It  remains,  therefore,  for 
Canadian  producers  to  reduce  their  operating  costs  to  a  minimum 
by  the  use  of  improved  machinery  and  the  provision  of  adequate 
haulage  facilities,  so  that  they  will  be  in  a  position  to  sell  their 
product  at  a  price  sufficiently  below  that  asked  by  foreign  pro- 
ducers to  outweigh  the  superior  advantages  possessed  by  the 
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latter  having  regard  to  the  requirements  of  the  refractory  and 
composition  flooring  trades. 


Discussion 


Mr.  H.  J.  Ross,  Vice-President  of  the  North  American 
Magnesite  Company,  delivered  a  short  address  descriptive  of  the 
operations  of  this  Company  at  Calumet,  Que.,  and  expressed 
confidence  that  this  industry  would  continue  to  be  conducted 
profitably  in  Canada  after  the  war. 

Mr.  Howells  Frechette: — In  this  connection  a  brief 
account  of  the  work  on  magnesite  on  which  I  have  been  engaged 
for  the  Mines  Branch,  at  Ottawa,  may  be  of  interest  to  members. 
Last  year  I  read  a  paper  before  the  Institute  on  "Canadian 
Magnesite."  In  discussing  that  paper  Dr.  Stansfield  suggested 
the  possibility  of  calcining  the  magnesite  at  such  a  temperature 
as  to  drive  off  the  CO2  from  the  magnesium  carbonate  and  leave 
the  calcium  carbonate  unchanged.  In  this  manner,  the  harmful 
properties  of  the  lime  would  be  overcome  when  the  calcined  mag- 
nesite was  used  for  certain  purposes.  With  this  in  view,  I  began 
experiments  on  samples  of  magnesite  containing  about  7|%  of 
lime,  to  determine  the  range  of  temperature  at  which  this  dif- 
ferential calcining  must  be  carried  out.  In  the  course  of  this  work 
it  was  conclusively  demonstrated  that  the  lime  of  the  magnesite 
occurred  entirely  in  chemical  union  with  part  of  the  MgO  in  the 
form  of  dolomite.  That  is,  the  crude  magnesite  was  a  mixture 
of  the  two  minerals,  magnesite  and  dolomite.  The  magnesite  begins 
to  give  off  its  CO2  at  a  little  above  500°C.,  and  the  dolomite  at 
about  700°C.  Thus,  the  maximum  range  of  temperature  is  200°C., 
but  commercial  calcining  should  be  done  between  temperatures 
of  650°-700°,  too  narrow  a  margin  for  industrial  kilns.  Had  the 
lime  occured  as  calcite,  dissociation  of  the  carbonate  of  lime  would 
take  place  at  or  above  810°C.,  allowing  a  much  wider  latitude  for 
furnace  temperature.  After  calcining  the  white  magnesite,  it 
was  noticed  that  the  bulk  of  it  had  changed  colour — in  some  cases 
to  a  pink,  in  some  to  a  green,  depending  probably  upon  the  nature 
of  the  furnace  atmosphere,  and  the  temperature  attained.  Scat- 
tered throughout  were  grains  of  white.     I  separated  these  by 
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careful  sorting  with  the  point  of  a  knife,  and  had  the  white  and 
the  pink  grains  analysed.  The  pink  were  found  to  be  practically 
pure  magnesia,  and  the  white,  calcined  dolomite.  On  slaking  the 
calcined  material  with  water,  the  pink  portion  broke  apart  into 
grains,  which  were  hard  and  gritty,  while  the  white  slaked  into  a 
smooth  paste  that  broke  up  into  a  milk  when  agitated  with  water. 
By  draining  ofif  the  milk,  the  bulk  of  the  dolomite  was  removed, 
leaving  the  magnesia  in  a  fairly  pure  state.  The  dolomitic  lime 
could  be  saved  by  allowing  it  to  settle,  and  draining  it.  Using 
a  calcined  magnesite  containing  about  16^%  CaO,  by  small 
laboratory  apparatus,  I  reduced  its  lime  content  to  5.4%,  and 
obtained  a  product  from  the  washing  containing  44. 8%  CaO  and 
49 . 8%  MgO.  (True  dolomite  lime  gives  58 . 3%  CaO  and  41 .  7% 
MgO.)  With  a  proper  selection  of  machines,  I  do  not  hesitate  to 
say  that  these  results  can  be  improved  upon  greatly. 

Mr.  J.  R.  Donald: — The  peculiar  feature  in  connection  with 
the  Quebec  magnesite  deposits  is  the  fact  that  the  four  quarries 
at  present  being  operated  are  all  situated  within  a  mile  or  two  of 
each  other  and  are  practically  all  in  a  straight  line.  The  lime  runs 
anywhere  from  8%  upwards.  Good  shipping  material  should  not 
contain  more  than  10%  of  lime.  It  is  very  difificult  to  judge  by 
the  eye  the  quality  of  the  magnesite.  In  general  it  is  white  in 
colour,  crystalline,  and  fine  in  grain.  There  are  many  exceptions 
to  this,  and  in  some  cases  the  dark  material,  which  is  very  much 
the  colour  of  a  weathered  limestone,  is  quite  the  equal  in  quality 
of  the  white.  I  have  had  occasion  to  examine  a  great  many 
dolomite  deposits,  both  along  the  line  of  the  C.P.R.  near  Mt. 
Laurier,  Announciation,  etc.,  and  along  the  line  of  the  C.N.R. 
near  Arundel.  All  of  these  other  deposits  have  been  of  dolomit^- 
although  some  of  them  showed  as  high  as  30%  of  magnesia. 
The  material  is  being  shipped  very  largely  to  steel  works  and  to 
the  Harbeson  &  Walker  refractories.  It  is  claimed  by  manufac- 
turers of  materials  that  a  magnesite  brick  cannot  be  made  from 
rock  containing  over  8%  of  lime. 

I  had  occasion  some  time  ago  to  make  an  investigation  along 
the  lines  referred  to  by  Mr.  Frechette.  My  experience  corro- 
borates his  figures,  it  being  found  that  after  calcining  at  a 
temperature   below   700X.,    that    the    loss   on    ignition   which 
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remained  was  about  double  that  which  would  be  required  for 
the  lime  content  to  figure  as  calcium  carbonate.  This  there- 
fore pointed  to  the  fact  that  the  lime  present  in  the  mag- 
nesite existed  as  a  dolomite.  I  might  add,  it  has  been  found 
that  there  is  a  second  point  where  the  magnesia  content  of  the 
dolomite  breaks  down  giving  off  its  CO2  and  the  lime  still  remains 
as  limestone.  This  has  been  proven  on  a  practical  scale  when 
magnesite  had  been  calcined  for  the  flooring  trade  which  re- 
quires that  no  free  lime  shall  be  present. 

Mr.  Roast: — In  reply  to  Mr.  Frechette's  statement  that 
the  lime  of  the  magnesite  occurred  entirely  in  chemical  unionwith 
part  of  the  magnesia,  and  that  it  was  not  commercially  feasible 
to  decompose  the  magnesite  without  decomposing  the  lime,  I 
may  state  that  this  does  not  agree  with  my  experience.  The  acid 
test  if  carefully  applied  to  many  samples  of  magnesite  will  show 
local  areas  which  effervesce,  indicating  the/presence  of  free  calcite. 
Several  years  ago  I  had  occasion  to  conduct  a  series  of  calcining 
tests  on  a  commercial  scale,  and  found  very  little  difficulty  in 
liberating  practically  all  the  carbonic  acid  gas  from  the  magnesite 
and  at  the  same  time  retaining  all  the  lime  in  the  untouched  form 
of  carbonate  of  lime.  As  a  result  of  these  operations  hundreds  of 
tons  of  Canadian  magnesite  were  so  calcined  and  the  resultant 
calcined  magnesite  successfully  used  in  the  composition  flooring 
trade.  I  have  also  made  tests  on  a  commercial  scale  along  the 
lines  referred  to  by  Mr.  Frechette  as  to  calcining  and  slaking. 
While  I  agree  with  him  that  by  such  means  the  lime  content  can 
greatly  be  reduced,  yet  I  do  not  believe  the  process  can  be  made 
commercially  profitable. 

Mr.  M.  E.  Wilson: — In  the  summer  of  1900,  Reverend 
W.  P.  Boshart  in  the  course  of  a  visit  to  Mr.  Donald  McPhee, 
lot  15,  range  9,  Grenville  township,  observed  a  boulder  lying  near 
Mr.  McPhee' s  house,  which  had  a  whiter  and  more  glistening 
appearance  than  the  ordinary  cr>'stalline  limestone  of  the  district, 
and  sent  a  specimen  of  the  material  to  Mr.  W.  B.  McAllister  of 
Ottawa,  who  took  the  sample  to  the  Geological  Survey  where  it 
was  determined  to  be  magnesite.  Learning  that  magnesite  was 
of  commercial  value  a  search  for  the  mineral  in  place  was  under- 
taken by  Messrs.  McAllister  and  Boshart  with  the  result  that 
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outcrops  and  boulders  of  similar  material  were  found  in  numerous 
localities  in  the  district.  Later  in  the  season  M.  R.  L.  Broadbent 
of  the  Geological  Survey  visited  these  localities  and  descriptions 
of  the  deposits  and  the  results  of  analysis  of  numerous  samples 
collected  by  Mr.  Broadbent  were  published  in  the  Annual  Report 
of  the  Geological  Survey  for  that  year.  The  Geological  Survey, 
thus,  played  an  important  part  in  the  discovery  of  the  Grenville 
magnesite  deposits. 

During  the  field  season  of  1916,  the  magnesite  deposits  of 
the  Grenville  district  were  again  examined  by  the  Geological 
Survey,  and  some  of  the  most  important  results  of  this  investiga- 
tion may  be  of  interest  in  connection  with  the  papers  of  Mr.  Roast 
and  Mr.  Ross. 

The  magnesite  deposits  all  occur  in  extensive  outcrops  or 
groups  of  outcrops  protruding  through  the  marine  clay  and  sand, 
which  in  the  Grenville  district  as  elsewhere  in  the  Laurentian  high- 
lands adjoining  the  lower  Ottawa  and  the  lower  St.  Lawrence, 
forms  flats  in  the  bottoms  of  the  major  valleys.  They  are  mainly 
composed  of  magnesite,  dolomite  and  serpentine,  but  also  include 
small  quantities  of  diopside,  talc,  phylogopite,  quartz  and  other 
minerals. 

The  magnesite  contained  in  the  deposits  is  a  glistening 
cream  white  to  milk  white  or  grey  material  occurring  in  extensive 
masses  associated  with  bands  or  lenses  of  dark  green  to  light 
yellow  serpentine.  Serpentine  also  occurs  disseminated  in  the 
magnesite  in  places,  and  the  magnesite  nearly  everywhere  con- 
tains moreor  less  included  dolomite;  and,  since  dolomite  (CaCOs 
MgCOj)  contains  30  per  cent  of  lime  the  magnesite  generally 
contains  a  certain  amount  of  this  constituent,  the  percentage 
present  varying  in  proportion  to  the  amount  of  dolomite  which 
the  magnesite  contains.  In  a  few  localities  the  dolomite  included 
in  the  magnesite  is  more  coarsely  crystallized  and  is  whiter  in 
colour  than  the  surrounding  material,  and  can  be  distinguished 
in  this  way;  but,  throughout  the  great  mass  of  the  deposits,  the 
magnesite  and  dolomite  are  so  similar  in  appearance  that  the 
presence  of  the  dolomite  is  difficult  to  detect. 

The  intimate  manner  in  which  the  dolomite  is  disseminated 
through  the  magnesite  is  made  evident  in  several  ways.  Where 
the  magnesite  outcrop  had  been  exposed  to  atmospheric  agencies, 
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the  dolomite  being  more  soluble  than  the  magnesite  dissolves  away 
more  readily,  so  that  the  weathered  surface  presents  an  irregular 
pitted  appearance,  the  magnesite  forming  the  prominences  and 
the  dolomite  occupying  the  bottoms  of  the  depressions.  The 
presence  of  the  dolomite  in  the  magnesite  can  also  be  detected 
by  treating  the  mixture  with  cold  concentrated  hydrochloric  acid, 
effervescence  occurring  when  the  dolomite  is  present.  The  re- 
lationship of  the  dolomite  to  the  magnesite  can  best  be  observed, 
however,  in  the  material  after  it  has  been  calcined  in  a  kiln  or 
furnace  without  access  of  air  (deoxidizing  atmosphere),  the 
dolomite  assuming  a  white  and  the  magnesite  a  pink  colour  as 
a  result  of  this  operation.  In  these  specimens  the  dolomitic  por- 
tions appear  to  be  included  in  the  magnesite  and  possess  a  most 
irregular  outline. 

The  proportion  of  magnesite  free  from  dolomite,  or  dolomite 
free  from  magnesite  in  the  deposits,  is  exceedingly  small,  the  larger 
part  consisting  of  an  intimate  mixture  of  magnesite  and  dolomite 
in  varying  proportions.  There  are  considerable  masses  of  material 
however,  in  which  the  lime  content  resulting  from  the  presence 
of  the  dolomite  ranges  from  3%  to  12%.  It  is  the  practice  at 
the  mines  at  present  to  mine  only  these  fractions  of  the  deposits, 
so  that  a  product  is  obtained  averaging  from  6%  to  10%  lime. 

Up  to  the  present  time,  deposits  of  magnesite  have  been 
found  in  four  principal  localities  in  the  Grenville  district.  At  all 
of  these  points  there  is  present  extensive  masses  of  marketable 
magnesite  in  which  the  proportion  of  serpentine  and  highly 
dolomitic  magnesite,  to  be  removed  by  cobbing  or  on  mining  the 
material,  is  less  than  40  %.  It  is  estimated  from  an  examination 
of  the  surface  outcrops  of  the  deposits  and  from  the  results  of 
diamond  drilling  operations  that  nearly  eight  hundred  thousand 
tons  of  magnesite,  averaging  from  7%  to  10%  lime,  is  known  to 
be  present  in  the  district. 

Mr.  John  A.  Dresser: — As  to  the  question  of  general 
production  it  seems  to  me  the  most  important  phase  of  the  topic 
immediately  before  us  is  whether  these  deposits  are  limited  to 
the  single  area  already  worked  or  may  they  be  looked  for  far 
afield.  The  general  formation  in  which  these  deposits  occur  is 
very  widely  spread.    Much  prospecting  seems  to  have  been  done 
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apparently  without  results  outside  of  the  particular  area  already 
described.  I  would  like  to  enquire  of  Mr.  Wilson  whether  the 
geologists,  who  have  worked  recently  in  the  district,  have 
found  any  definite  route  of  determining  from  the  origin  of  this 
deposit  what  the  possibilities  are  of  an  extension  of  or  of  similar 
bodies  elsewhere.  Grenville  limestone  is  widespread  and  it  does 
commonly  not  look  essentially  different  from  the  rock  in  this 
particular  vicinity.  Are  there  any  structural  features  that  may 
give  a  clue  to  the  size  of  the  present  deposits?  Perhaps  Mr. 
Wilson  can  tell  us  what  has  been  done  to  determine  the  origin 
and  extent  of  these  deposits. 

Mr.  M.  E.  Wilson: — Complete  answers  to  the  questions 
raised  by  Mr.  Dresser  would  involve  nearly  the  whole  of  my 
report  on  the  magnesite  deposits.  That  there  are  undoubtedly 
deposits  of  magnesite  in  the  Grenville  district  which  have  not 
been  discovered  seems  evident  from  the  facts,  that,  the  direction 
of  glacial  movement  in  the  region  was  approximately  from  north 
to  south  so  that  boulders  of  magnesite  found  in  the  district  must 
lie  approximately  to  the  south  of  the  deposits  from  which  they 
Avere  derived,  and  that  boulders  of  magnesite  were  observed  in 
the  district  which  lie  several  miles  to  the  east  of  the  known  de- 
posits and  therefore  could  not  possibly  have  been  derived  from 
any  deposit  of  magnesite  hitherto  discovered  in  the  region.  In 
districts  outside  the  Grenville  area  deposits  of  coarse  white  dolo- 
mite similar  to  that  associated  with  the  Grenville  magnesite 
deposits  are  known  to  be  present,  and  this  indicates  that  the 
process  by  which  the  magnesite  deposits  were  formed  were  active 
throughout  a  much  wider  extent  of  territory  than  that  in  which 
the  magnesite  has  been  found.  It  is  probable,  therefore,  now  that 
the  character  and  value  of  magnesite  has  become  known,  that 
magnesite  may  be  discovered  in  other  localities  throughout  that 
section  of  the  Ottawa  valley  in  which  the  rocks  of  the  Grenville 
series  are  found. 

The  rocks  of  the  Grenville  series  with  which  the  magnesite 
deposits  are  associated  have  all  been  so  greatly  deformed  that 
the  limestone  members  of  the  series,  which  were  originally  con- 
tinuous beds,  now  occur  in  crumpled  and  detached  masses  and  it 
is  only  in  exceptionally  favourable  localities  that  the  structure  of 
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this  complex  can  be  worked  out.  Since  it  is  believed  that  the 
magnesite  deposits  have  been  formed  by  the  replacement  of  the 
limestone  member  of  the  Grenville  series,  the  structure  of  these 
ancient  sediments  has  a  bearing  on  the  extent  of  the  magnesite 
deposits  only  in  so  far  as  it  can  aid  in  the  determination  of  the 
extent  of  the  limestone  masses  which  the  magnesite  deposits 
replaced. 

The  principal  structural  features  exhibited  by  the  magnesite 
deposits  themselves  are  parallel  planes  of  parting  resembling 
planes  of  bedding,  parallel  banding  in  many  places  in  the  deposits, 
a  lenticular  structure,  faults,  slickensided  faces,  crumplings,  and 
other  evidence  of  deformation.  The  banded  structure  exhibited 
by  the  deposits  arises  in  part  from  variations  in  the  colour  of 
the  magnesite  and  in  part  from  variations  in  the  proportion  of 
disseminated  serpentine  which  it  contains.  The  lenticular  form 
commonly  observed  in  the  deposits  is  probably  the  result  of 
deformation,  certain  portions  of  the  deposits  of  slightly  different 
composition  or  physical  character  being  more  resistent  to 
deformation  than  other  portions  of  the  deposits. 

As  regards  the  origin  of  the  magnesite  deposits,  it  has  been 
concluded  from  a  study  of  their  character  and  relationships,  that 
they  have  been  formed  by  the  replacement  of  the  crystalline 
limestone  member  of  the  Grenville  series  through  the  agency 
of  solutions  emanating  from  a  series  of  pyroxenic  igneous  intru- 
sives,  known  as  the  Buckingham  series.  The  principal  evidence  on 
which  this  conclusion  is  based  is  (1)  that  the  crystalline  limestone 
member  of  the  Grenville  series  commonly  contains  disseminated 
grains  of  serpentine  and  serpentinized  diopside  arranged  in  bands 
similar  in  every  respect  to  the  banding  exhibited  by  the  magnesite 
deposits;  (2)  that  the  Grenville  limestone  commonly  contains 
masses  of  serpentine  or  diopside  partially  altered  to  serpentine 
which  are  very  similar  to  those  found  associated  with  the 
magnesite  deposits;  (3)  in  many  localities  throughout  the 
region  in  which  the  Grenville  series  is  found,  there  are  else  ex- 
tensive masses  of  rock,  generally  known  as  '  pyroxenite ',  composed 
of  diopside,  scapolite,  phlogopite,  apatite,  feldspar,  quartz,  cal- 
cite,  tremolite,  actinolite,  serpentine,  vesuvianite,  and  other  min- 
erals of  similar  character.  It  is  believed  from  the  association  of 
these  masses  with  limestone,  the  abundance  of  lime  silicate  and 
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pegmatitic  minerals  which  they  contain  and  the  high  lime  content 
of  the  deposits  as  a  whole  that  they  have  been  formed  from  the 
limestone  through  the  agency  of  pegmatitic  magnesia-rich  sol- 
utions, and  the  association  of  diopside  and  phlogopite  with  the 
Grenville  magnesite  deposits  indicates  that  there  is  a  genetic 
relationship  between  the  magnesite  deposits,  the  masses  of  diop- 
side and  serpentine  found  in  the  limestone  of  the  Grenville  series, 
and  the  metamorphic  'pyroxenite',  and  that  they  have  all  been 
formed  in  some  way  by  the  transformation  or  replacement  of 
limestone;  (4)  in  places  masses  of  dolomite  occur  associated  with 
the  serpentine  contained  in  the  limestone  sand  in  a  few  localities, 
the  dolomite  can  be  seen  to  be  distributed  irregularly  along  frac- 
tures traversing  the  limestone;  and  (5)  the  rocks  of  the  Grenville 
series  have  been  intruded  almost  everywhere  by  bosses  and  thin 
lit  par  lit  injections  consisting  of  pyroxene  gabbro,  pyroxene 
diorite,  pyroxene  syenite,  diorite  pegmatite,  and  syenite-pegma- 
tite, (Buckingham  series),  and  it  would,  therefore,  seem  probable 
that  the  solutions  by  which  the  limestone  was  transformed  into 
diopside  and  other  minerals  emanated  from  these  intrusives. 


THE  PARTRIDGE  SMELTING  FURNACE. 

its  construction  and  adaptability. 

By  Allen  R.  Partridge 

The  new  Partridge  Smelting  Furnace  is  a  mechanical  device 
intended  for  smelting  ores  on  a  small  as  well  as  on  a  large  scale. 
Its  success  in  small  units  makes  it  an  invaluable  machine  for 
small  and  remote  properties  and  especially  in  new  countries, 
sparsely  populated  and  lacking  in  transportation  facilities. 
The  smaller  units  with  a  capacity  of  five  to  thirty  tons  in  twenty - 


The  Partridge  furnace  in  operation. 
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four  hours,  can  be  transported  on  pack  animals  and  they  are 
just  as  effective  as  a  large  furnace. 

The  construction  of  the  furnace  is  quite  distinct  from  the 
present  standard  type,  although  the  jacket,  where  the  actual 
smelting  takes  place,  is  similar  to  that  of  any  other  furnace 
except  as  regards  the  method  of  introducing  the  air  blast.  The 
furnace  consists  of  a  double  steel  cylinder  resting  on  a  sheet 
steel  bottom  plate,  and  having  a  double  top  cover  of  steel  (see 
Fig.  2,  A).  The  jacket,  which  is  water  cooled,  rests  on  a  frame 
of  I  beams  set  between  the  two  cover  plates  and  is  open  to  the 
interior  of  the  cylinder.  (Fig.  2,  B.)  Two  large  doors  diametrically 
opposite  to  each  other  are  placed  on  the  cylinder.  (Fig.  2,  C.) 
Inside  the  cylinder  a  large  conical  plate  of  cast  iron  revolves 
slowly  upon  suitable  ball  bearings.  (Fig.  2,  D.)  Above  this  plate 
is  another  frame  which  imparts  rigidity  to  the  whole  structure  and 
carries  a  ball-bearing  jack-screw.  (Fig.  2,  E.)  This  is  made  fast 
to  a  cast-iron  platform  upon  which  the  crucible,  or  inner  hearth 
of  the  furnace,  is  set  and  raised  into  the  operating  position.  When 
this  is  done  the  front  door  is  put  on  and  the  crucible  made  fast  to 
the  door  by  means  of  bolts.  (Fig.  2,  F.)  A  matte  spout  is  then  slip- 
ped into  place  so  that  the  metal  can  be  drawn  from  the  crusible  ih 
the  ordinary  manner.  The  method  of  starting  the  furnace  is 
unusual,  yet  very  simple:— The  cold,  but  perfectly  dry  brick- 
lined  crucible  is  run  on  the  cast-iron  platform,  previously  men- 
tioned, and  raised  into  position,  so  that  the  top  of  the  crusible 
shall  be  within  two  inches  of  the  bottom  of  the  water  jacket. 
The  door  is  then  put  on,  the  crucible  made  fast  to  the  door  and 
the  matte  spout  put  in  place.  At  this  stage  water  is  turned  oe 
in  the  jacket. 

The  man  on  the  feed  floor  now  drops  a  little  oil-soaked  waste, 
which  he  has  previously  ignited,  through  the  feed  door  and 
into  the  crucible,  and  on  top  of  this  he  drops  a  few  sticks  of 
wood-kindling  taking  care  not  to  smother  the  fire.  When 
the  kindling  is  burning  freely,  more  is  added  until  it  is  some 
six  inches  above  the  opening  between  the  crucible  and  the 
jacket  which  will  be  referred  to  hereafter  as  the  'tuyere.'  The 
kindling  is  allowed  to  burn  freely,  and  when  well  ignited,  a  bed 
of  coke  or  charcoal  18"  deep  is  fed  into  the  furnace.  The  fore- 
man now  watches  the  tuyere  through  mica  peep  holes  set  in  the 
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Fig.  1 

Partridge  Hot  Blast  Smelting  Furnace. — Tuyere  Area  11"  x  18' 
Capacity :  1 2  tons  of  charge  in  24  hours 
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cylinder,  and  when  the  kindling  is  consumed  he  will  find  that 
coke  has  replaced  kindling  and  is  burning  brightly.  He  then 
orders  the  charge  man  to  feed  one  charge  of  barren  slags,  and 
turns  on  the  air  blast. 

The  air  from  the  blower  passes  from  the  bustle  pipe  over 
the  top  of  the  cylinder  between  the  two  covers,  then  between 
the  double  sides  of  the  cylinder  into  the  cylinder  itself  through 
four  openings.  From  the  interior  of  the  cylinder  it  enters  the 
jacket  by  the  tuyere  previously  described,  causing  a  fierce  fire. 
In  less  than  two  minutes  after  the  blast  has  been  turned  on, 
the  slag  charge  will  be  seen  to  pass  the  tuyere  on  its  way  to  the 
bottom  of  the  crucible.  As  soon  as  the  slag  begins  to  run 
out  of  the  tap  hole,  which  has  purposeh'  been  left  open,  the  fore- 
man tamps  the  tap  and  orders  the  charge  man  to  proceed  with 
the  regular  charges  of  coke  (of  charcoal)  and  ore  charge  until 
the  jacket  is  full  to  the  top.  The  foreman  now  draws  off  a  couple 
of  pots  of  slag  from  the  crucible  to  heat  it  well,  and  the  furnace 
is  in  full  operation.  This  process  of  blowing  in  takes  from  thirty 
to  forty-five  minutes. 

The  moveable  curcible,  two  of  which  are  supplied  with 
each  plant,  permits  the  furnace  to  be  operated  intermittently, 
and  in  the  event  of  a  freeze,  the  defect  can  be  corrected  in 
less  than  an  hour  by  withdrawing  the  crucible,  bearing  down 
the  frozen  charge,  and  substituting  the  spare  crucible.  The 
main  trouble  is  in  deeing  that  the  foreman  shall  make  this 
change  as  soon  as  he  finds  that  the  furnace  is  not  running  prop- 
erly and  does  not  try  to  doctor  the  charge;  as  this  means  loss 
of  time  and  money.  The  'blowing  out'  of  the  furnace  is  ac- 
complished by  running  the  charge  down  entirely,  and  it  is  well 
to  add  as  a  final  wash  a  charge  of  barren  slags. 

While  the  smelting  is  proceeding,  the  slag  flows  from  the 
crucible  by  a  spout,  and  drops  on  the  revolving  cast-iron  plate. 
The  air-blast  from  the  blower  is  forced  on  this  plate  and  readily 
absorbs  the  heat  evolved  from  the  very  thin  layer  of  slag  travel- 
ling on  the  rotating  plate.  Stationary  scrapers  set  at  an  angle 
push  the  slag  to  the  centre  of  the  plate  where  it  is  finally  ex- 
tracted automatically  from  the  furnace  through  a  revolving 
air  trap  discharge.  It  will  readily  be  seen  that  the  blast  becomes 
heated  by  this  means  and   will    enter    the    jacket  at  a  high 
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degree  of  temperature  usually  380°  to  450°  C,  depending  on 
the  composition  of  the  ore  and  the  charge. 

These    mechanical    devices    were    studied    and    perfected 
with    the  idea  of  simplifying   the  manipulation   of   the   blast- 
furnace in  general,  especially  in  its  application  to  small  units, 
Their  use  has  solved   the  small   furnace  problem   remarkably 
well  and  has  also  developed  several  new  features  in  the  art  of 
ore  smelting.      One   of  the  principal    reasons  for  the  notable 
success  of  the  plant  is   the  method  of  introducing  the  blast 
into  the  zone  of  fusion.    Small  water-jacket  furnaces  have  given 
great  trouble  in  operating  due  to  the  forcing  of  the  blast  into 
the  jacket  by  means  of  tuyeres  of  comparative  small  area  and 
at  a  high  pressure  in  order  to  introduce  a  sufficient  volume 
of  oxygen  to  ensure  proper  combustion  and  the  blast  has  in- 
variably   been    introduced    at   atmospheric    temperature.       In 
the  case  of  the  Partridge  furnace,  the  tuyere  area  is  fully  five 
times  greater  than  in  standard  practice,   hence  it  is  possible 
to  smelt  with  a  larger  volume  of  air  at  an  incredibly  low  gauge 
pressure.    The  aim  is  to  introduce  the  air  with  sufficient  vel- 
ocity to  ensure  a  high  degree  of  combustion  and  at  the  same  time 
to  avoid   the   usual   heavy  commotion   inside  of   the  jackets. 
In  this  furnace  the  gauge  glass  will  show  pressures  ranging  from 
four  ounces  to  the  square  inch,  up  to  twelve;  the  variations  being 
due  to  the  density  of  the  charge,  the  height  of  the  column,  and 
to  some  extent  to  the  size  of  the  stack. 

Together  with  the  low  blast-pressure  we  have  the  crucible 
with  its  internal  overflow  of  slags.    This  crucible  makes  as  per- 
fect a  settler  as  has  been  devised  so  far.    The  molten  mass  of 
charge  trickles  by  the  tuyere  into  the  crucible  which  is  kept 
very  hot  both  from  the  superheated  blast  and  slag  radiation. 
This  keeps  the  molten  material  in  a  remarkably  fluid  state  and 
permits  the  metals  to  separate  from  the  slags  to  an  unusual 
degree.     The  slag  overflows  gently  at  the  slag  spout  while  its 
surface  is  almost  stationary,  and  in  consequence  the  slags  are 
remarkably  free  from  metallic  shot.    The  use  of  a  large  volume 
of  air  at  a  low  pressure  confines  the  zone  of  fusion  to  a  very 
small  depth,  right  above  the  tuyere,  and  ensures  most  marked 
and  perfect  chemical  reactions  and  the  absence  of  top  firing. 
The  use  of  the  settling  device  surrounded  by  a  great  heat  enables 
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smelting  to  be  carried  out  in  very  small  jackets  with  the  addi- 
tional advantage  of  being  able  to  produce  slags  of  very  varied 
composition.  In  copper  smelting,  slags  of  the  following  com- 
positions will  run  freely  and  the  highest  recoveries  can  be  made. 

FeO  16%  to  55% 

SiO.  27  %to  62% 

CaO  0       to  35% 

Zn  0       to  20% 

In  lead  smelting  more  care  has  to  be  taken  in  the  charge 
composition  and  very  high  silica  contents  entails  some  lead  losses. 
A  study  of  the  above  range  of  slag  composition  will  show  that 
the  furnace  is  the  best  adapted  for  individual  mines  where  close 
slag  regulation  is  out  of  the  question.  The  recoveries  in  precious 
and  semi-precious  metals  are  very  high,  and  volatilization  very 
low,  in  fact,  usually  negligible.  Copper  s^gs  seldom  carry 
0.01%  of  copper  and  no  gold  or  silver,  while  lead  s^ags  rarely 
contain  over  0.4%  ot  lead  with  no  gold  or  silver. 

The  large  volume  of  oxygen  which  can  be  introduced  at 
will  permits  the  furnace  to  be  substituted  for  the  Bessemer 
converter  and  used  as  such.  Again  the  large  volume  of  pre- 
heated blast  at  a  low  pressure  makes  this  furnace  an  ideal 
pyritic  plant.     An  ore  containing: — 


Cu 

1.3% 

S 

38% 

FeO 

42% 

Zn 

4% 

SiO, 

5% 

CaO 

3% 

with  the  addition  of  15%  of  silica  and  8%  of  combined  lime 
was  run  pyritically  with  perfect  success.  The  furnace  was 
started  on  a  coke  charge  6%  which  was  cut  to  3%  on  the  second 
charge,  1|%  on  the  third,  1%  on  the  fourth,  ^%  on  the  fifth 
charge  and  nothing  on  all  subsequent  charges.  The  furnace 
ran  better  and  hotter  on  the  no  fuel  charges  and  produced  a 
matte  assaying   17%   in   copper  on   the  first  run.     This  was 
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accomplished  at  Stege,  California,  in  a  furnace  having  an  area 
of  U"  X  18"  and  a  capacity  of  1,200  lb.  per  hour. 

The  Partridge  furnace  is  the  invention  of  the  writer  who 
conducted  his  experiments  in  a  remote  section  of  Mexico,  where 
an  apparatus  of  this  kind  was  necessary  for  success.  The  writer 
was  in  charge  of  a  group  of  mines  carrying  unusually  rebellious 
ores  in  south-western  Tepic  and  the  topography  of  the  country 
made  sectional  machinery  imperative.  A  general  analysis  of 
the  ores  was  as  follows: — 


SiO. 

34% 

Fe 

20% 

S 

22% 

Zn 

6% 

As 

8% 

Sb 

2% 

Pb 

1% 

Cu 

0.25% 

CaO 

1% 

94.25% 

Silver 28      oz.  per  ton 

Gold 0.9  "       "     " 

Hyposulphate  leaching,  after  chloridizing  the  ores  in  hand- 
re  verberatories,  proved  successful  but  offered  many  objections 
such  as  high  cost  of  treatment,  difficulty  in  keeping  down  the 
volatilization  losses  during  the  chlorination  roast,  and  the 
necessity  of  a  second  treatment  to  recover  the  gold. 

This  ore  was  smelted  in  the  Partridge  furnace  with  the 
addition  of  10%  of  lime  rock  (Ca  CO3)  and  2%  of  carbonaceous 
fuel.  Coke  as  well  as  charcoal  was  used  and  as  charcoal  was 
by  far  the  less  expensive  fuel,  it  was  adopted.  Two  runs  were 
made  prior  to  shipment  of  the  bullion.  The  first  run  was  on 
raw  ore  and  yielded  an  iron  matte  carrying  about  250  ounces 
per  ton  of  silver  and  8  ounces  of  gold  or  a  concentration  of  9 
tons  of  oro  into  one  of  matte.  This  matte  was  subsequently 
resmelted  with  selected  silicious  ores  and  further  concentrated 
to  about  10  into  one  or  2,500  oz.  of  silver  and  80  oz.  of  gold 
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per  ton,  with  some  20%  of  copper.  In  both  smelting  operations 
the  slags  were  astonishingly  clean,  carrying  less  than  0.02  ozs. 
of  silver  and  no  gold.  The  cost  of  operation  was  $1.25  per  ton 
for  the  raw  ore  smelting  and  $2.00  per  ton  for  the  rematting 
smelt,  i 

In  contrast  to  the  above  citation,  the  writer  installed  a 
plant  at  Magdalena,  State  of  Oaxaca.  The  ores  from  these 
mines  are  self-fiuxing  lead  carbonates  with  some  galena  con- 
taining 22%  of  lead  and  35  to  60  ounces  of  silver.  The  lead 
and  silver  are  recovered  as  a  98%  bullion,  which  is  cupelled 
on  the  spot;  the  silver  being  sent  to  the  mint,  and  the  litharge 
sold  locally  to  pottery  makers.  The  usual  by-product  of  speiss 
carries  about  12%  of  lead  and  14  oz.  of  silver.  It  is  heap- 
roasted  and  used  as  iron  flux  for  subsequent  operations.  The 
slags  are  rather  basic  and  carry  0.4%  of  lead  with  a  trace  of 
silver,  10%  of  charcoal  is  used  with  the  charge.  Both  the  Tepic 
and  theMagdalena  furnaces  have  a  daily  capacity  of  10  metric 
tons. 


THE  OCCURRENCE  AND  TESTING  OF  FOUNDRY 
MOULDING  SANDSi 

By  L.  Heber  Cole 

Annual  Meeting,  Montreal,  March,  1917 

The  need  in  Canada  for  foundry  moulding  sands  of  different 
grades  suitable  for  different  classes  of  castings  has  increased 
greatly  in  the  last  few  years,  and  has  led  the  Mines  Branch  to 
investigate  many  Canadian  sand  deposits  to  determine  their 
suitability  for  this  class  of  work.  At  the  present  time  a  large 
part  of  the  sand  used  in  Canadian  foundries  is  imported;  and, 
although,  in  a  number  of  places,  local  deposits  furnish  'small 
quantities  to  foundries  in  the  immediate  neighborhood,  no 
deposits  have  been  opened  on  such  a  scale  as  to  furnish 
properly  graded  sand  to  the  foundry  trade  of  Canada;  and  the 
supply  hr  this  market  is  now  being  drawn  mostly  from  the 
United  States. 

In  the  summer  of  1914  the  investigation  of  the  sand  deposits 
of  Quebec  by  the  Mines  Branch  was  commenced,  the  field  work 
being  continued  during  the  seasons  of  1915  and  1916.  The  scope 
of  the  investigation  has  since  been  extended  into  eastern  Ontario. 
It  is  hoped  that,  during  the  coming  season  (1917),  field  work  will 
be  carried  on  in  western  and  southwestern  Ontario. 

In  the  course  of  the  regular  field  work  so  far  accomplished, 
several  deposits  of  sand  were  encountered,  which,  based  on  the  field 
examination,  gave  promise  of  being  suitable  for  moulding  sands. 
Samples  of  these  were  taken  and  sent  to  the  Mines  Branch 
Laboratories,  Ottawa,  for  examination  and  testing. 

Foundry  Sands  in  General. 

Foundry  sand  may  be  divided  into  two  main  classes: 
(1)     Moulding  sands,  or  the  sand  which  is  actually  used  to 
make  the  mould,  into  which  the  molten  metal  is  poured;  and, 

iBy  permission  of  tlie  Director  Mines  Branch,  Dept.  of  Mines,  Ottawa. 
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(2)     Core  sands,  which  are  utilized  for  making  the  cores 
that  occupy  the  hollow  spaces  in  the  casting. 

The  material  used  for  foundry  sands  varies  greatly,  accord- 
ing to  the  nature  of  the  casting,  the  metal  to  be  poured,  the 
part  of  the  mould,  and  the  foundry  where  it  is  employed.     Thus, 
materials  varying  from  a  heavy,  clayey  loam  to  a  coarse  river 
sand  are  used  according  to  the  nature  of  the  casting  being  made. 
A  sand  which  is  suitable  for  a  coarse  casting  would  not  be  satis- 
factory for  fine  work;  frequently  also  an  entirely  different  grade 
of  sand  is  used  for  making  the  cores.     Again,  in  green  sand 
moulding  the  sand  used  differs  from  that  used  in  dry  sand 
moulding,  where  the  moulds  and  cores  are  first  baked.     The 
practice  in  various  foundries  is  so  diverse  and  the  sand  employed 
for  different  grades  of  castings  varies  so  widely   that  it  can 
readily  be  seen  that  it  is  almost  impossible  to  lay  down  a  hard 
and  fast  set  of  standards  to  which  a  sand  must  conform,  in  order 
to  be  called  a  foundry  sand.     This  is  partly  due  to  the  manner  in 
which  the  average  foundry  man  looks  on  his  sand,  and  partly  to 
the  lack  of  definite  knowledge  as  to  the  behaviour  and  action  of 
certain  sands  with  relation  to  the  castings  made  in  them.    The 
sand  used  in  most  cases  is  employed  on  the  advice  of  the  head 
moulder  in  the  foundry,  who  generally  trusts  to  his  experience 
in  handling  sands  as  to  the  suitability  of  a  particular  sand  for  the 
work  in  hand.     The  appearance  of  the  sand   to  the  eye,  and 
whether  it  will  retain  the  impress  of  the  hand  when  damp  are 
generally  all  the  tests  to  which  the  sand  is  subjected.     If  the 
moulder  does  not  like  the  look  of  the  sample  submitted,  and, 
especially,  if  he  knows  it  to  be  a  local  sand,  it  is  frequently  con- 
demned as  not  suitable  without  further  examination.     While 
this  condition  of  affairs  exists,  it  will  be  hard  to  adopt  any  stan- 
dards for  moulding  sands,  but  it  is  conceivable  that,  when  the 
qualities  of  different  sands  in  relation  to  the  class  of  castings 
made  in  them  have  been  more  fully  studied,  it  will  most  likely 
be  possible  to  formulate  by  a  series  of  laboratory  and  foundry 
tests,  a  set  of  standards  with  limits  within  which  a  sand  may  be 
determined   to  be  suitable  for  a  certain  class  of  casting  by 
systematic  laboratory  and  foundry  tests. 
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The  Occurrence  of  Moulding  Sand. 

1.  Natural  Moulding  Sands. — Moulding  sands  occur  in 
two  main  types  of  deposits,  but  variations  of  these  types  may  be 
encountered.  These  are:  (a)  from  flood  plain  deposits;  and 
(b)  re-washed  ancient  beach  sands. 

In  respect  of  the  first  mentioned  deposits:  from  the  nature 
of  a  moulding  sand,  it  being  essentially  a  silica  sand  with  each 
individual  grain  coated  with  a  bonding  material,  one  would 
expect  to  find  it  occurring  where  deposits  of  sand  and  clay  were 
constantly  being  intermingled  and  worked  over  by  water,  and, 
therefore,  moulding  sands  in  flood  plain  deposits  are  of  quite 
common  occurrence.  In  these  beds  the  sand  and  clay  have  been 
well  and  intimately  mixed  by  the  river  currents,  and  deposited 
on  the  higher  levels  in  flood  time,  the  excess  of  clay,  being  more 
minute,  is  carried  ofif  by  the  water.  One  would  thus  expect  to 
encounter  moulding  sands  of  this  character  along  the  upper 
terraces  of  the  larger  rivers  of  the  country,  such  as  the  St.  Law- 
rence; also  along  the  banks  of  the  ancient  waterways. 

The  second  class  of  deposits  which  are  frequently  encoun- 
tered are  of  secondary  origin.  The  sand  bars  and  beaches  of 
the  ancient  seas  have  been  worked  over  by  the  waves  as  they 
recede,  when  new  levels  of  the  lakes  and  seas  are  formed.  The 
washed  material  from  these  beaches  consists  of  sand  and  clay, 
the  former  being  deposited  in  greater  abundance.  It  is  in 
deposits  of  this  class,  which  are  found  at  a  lower  level  than  the 
old  beaches  or  water  margins,  that  moulding  sand  may  be  ex- 
pected to  occur.  These  deposits  are,  therefore,  to  be  looked  for 
in  the  vicinity  of  the  ancient  glacial  lake  margins,  such  as 
the  Iroquois  and  Algonquin,  which  formerly  occupied  the  Great 
Lake  Basin;  and  also  within  the  boundaries  of  the  ancient  lake 
Agassiz  in  Manitoba.  Similar  ponded  water  bodies  in  glacial 
times  extending  as  far  as  the  foot  hills  of  the  Rocky  mountains 
in  Alberta  may  also  have  deposits  of  this  character  within  their 
margins. 

2.  Prepared  Moulding  Sands. — The  natural  moulding  sands 
referred  to  above  comprise  by  far  the  greater  part  of  the  sand 
used  in   Canadian   and    United    States    foundry    practice;    but 
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there  are  being  employed  increasing  amounts  of  what  may 
be  termed  'prepared  moulding  sands',  and  as  the  suitability  of 
this  class  of  sand  becomes  better  known  there  is  no  doubt  that 
their  use  will  be  extended  widely.  These  sands  are  prepared 
for  use  by  crushing  either  sandstones  which  have  a  very  friable 
bonding  material,  or  else  a  decayed  granite,  or  shattered  sandstone 
having  the  fractures  filled  with  a  plastic  material  (such  as  kaolin, 
etc.).  These  sands  have  no  fillers  added  to  them,  but  perhaps, 
have  to  be  screened  and  washed  as  well  as  crushed  before  being 
offered  to  the  trade.  Under  this  class  may  also  be  placed  those 
earthy  loams  which,  by  washing,  to  remove  part  of  the  clayey 
content,  may  be  utilized  as  a  suitable  foundry  sand. 

3.  Synthetic  Moulding  Sands. — Many  foundrymen  have 
expressed  the  opinion  that  the  present  known  deposits  of  high 
grade  natural  moulding  sand  will  become  exhausted,  necessitat- 
ing resort  to  artificial  or  synthetic  moulding  sands  made  by 
intimately  mixing  finely  crushed  quartz,  or  clean  sharp  sand, 
with  clay,  so  that  each  grain  of  quartz  would  become  uniformly 
coated  with  the  clay.  It  can  readily  be  seen  that  sand  so  prepared 
will  have  decided  advantages  over  the  sands  at  present  in  use,  in 
that  it  will  be  possible  to  manufacture  a  uniform  material  for  the 
class  of  work  required,  and  also  that  variations  in  the  material 
can  be  made  at  will  to  meet  the  requirements  of  the  trade - 

The  Testing  of  Moulding  Sands 

The  examination  and  testing  of  a  moulding  sand  deposit  can 
be  divided  into  two  parts:  (a)  The  field  examination  of  the 
deposit;  (b)  Laboratory  examination  and  testing  of  the  sand. 

Field  Examination  of  a  Sand  Deposit. — In  undertaking  a 
field  examination  of  a  moulding  sand  deposit,  there  are  several 
points  to  be  taken  into  consideration: 

1.  Nature  and  extent  of  deposit  (area  and  depth). 

2.  Uniformity  of  sand. 

3.  Transportation  facilities. 

4.  Location,  with  respect  to  the  larger  markets. 
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The  importance  of  a  field  examination  can  readily  be 
grasped.  A  sand  may  be  suitable  for  foundry  work  in  every  way; 
but,  if  it  is  not  in  sufficient  quantity,  easily  exploited,  and  is  not 
favourably  situated  to  the  larger  markets  for  this  class  of 
material,  the  deposit  is  of  little  value  as  a  commercial  venture. 

The  method  of  field  examination  employed  by  the  writer 
is  as  follows:  The  area  is  tested  by  drilling  test  holes  with  a 
6-inch  post  hole  auger  drill,  in  a  sufficient  number  of  places  to 
determine  the  extent  and  depth  to  which  the  sand  is  encountered. 
These  holes  are  indicated  on  a  map  of  the  area  and  the  boundaries 
of  the  sand  plotted.  The  sand  encountered  in  the  drill  holes  is 
carefully  examined  with  a  hand  magnifying  glass  to  note  any 
marked  difference  in  its  character.  Samples  are  taken  from  these 
holes  and  mixed  together  to  obtain  a  uniform  sample  for  testing 
in  the  laboratory.  If  more  than  one  grade  is  noted,  separate 
samples  are  taken. 

Qualities  of  a  Moulding  Sand  to  be  determined.^ — ^When 
commencing  the  laboratory  tests  of  the  samples  taken  in  the  field, 
the  question  arose,  "What  are  the  requirements  of  a  good 
moulding  sand?"  The  literature  on  moulding  sands  so  far  is 
very  meagre,  and  any  systematic  series  of  laboratory  tests  to 
determine  a  sand's  suitability  for  a  foundry  sand  are  confined  to 
work  done  by  several  of  the  State  Surveys,  the  Bureau  of  Stan- 
dards, Washington,  and  the  American  Foundrymen's  Association. 
The  opinions  of  the  investigators  appear  to  differ  greatly  both 
as  to  the  series  of  tests  necessary,  as  well  as  the  method  by  which 
they  are  to  be  carried  out. 

From  a  study  of  the  literature  available,  and  after  numerous 
conversations  with  practical  foundrymen  throughout  the  country, 
it  was  found  that  the  qualities  to  be  taken  into  consideration  in 
the  examination  of  a  moulding  sand  are  as  follows : 

Texture. — The  texture  or  fineness  of  grain  is  one  of  the  most 
important  points  of  a  sand.  This  will  necessarily  vary,  according 
to  the  size  and  kind  of  casting  to  be  made  in  it.  Hence,  it  is  at 
once  obvious  that  sands  will  have  to  be  selected  to  suit  the  class 


^  The  sands  referred  to  here  are  moulding  sands  proper.  Core  sands  vary 
widely  in  different  localities,  and  mostly  require  bonding;  material  to  be  added 
to  them.     They  will  be  treated  separately  at  a  later  date. 
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of  work  for  which  they  are  required,  or,  in  other  words,  sand 
which  is  suitable  for  Hght  work  would,  perhaps,  be  a  failure  when 
used  with  heavy  work,  or  vice  versa. 

Refractoriness.  —  The  capability  of  resisting  effectively 
the  destructive  action  of  the  heat  of  the  molten  metal  is 
of  importance.  The  greater  the  size  of  the  casting,  the  longer 
it  will  be  in  cooling,  hence  the  sand  in  contact  with  the  metal 
will  be  subjected  to  the  intense  heat  for  a  longer  period  of  time. 
It  is  thus  obvious  that  for  large  castings  a  more  highly  refractory 
sand  will  be  required  than  for  small  castings. 

Bonding  power. — Moulding  sands  should  possess  sufficient 
bonding  power  or  cohesiveness  of  their  particles  to  each  other  to 
retain  firmly  the  shape  and  form  of  the  pattern,  and  also  to 
resist  the  pressure  of  the  molten  metal  in  the  mould.  This 
bonding  power  depends  partly  on  the  clay  mixed  through  the  sand 
particles,  and  the  clay  coating  on  the  individual  grains,  and  partly 
on  the  nature  of  the  grains,  whether  they  are  angular  or  rounded, 
coarse  or  fine.  As  a  rule,  the  finer  and  more  angular  the  sand 
grains,  the  greater  the  bonding  power. 

Permeability. — One  of  the  properties  of  a  moulding  sand  which 
helps  to  determine  its  suitability  for  foundry  use  is  that  of  allow- 
ing the  escape  of  gases  through  it.  The  molten  metal  develops  gases 
which  exert  a  pressure  on  the  face  of  the  mould  and,  unless  the 
spaces  between  the  grains  are  sufficient  to  enable  the  gases  so 
generated  to  escape  freely,  there  will  be  serious  danger  of  creating 
scabs  or  causing  the  castings  to  blow  on  this  account.  Obviously, 
then,  heavy  castings  will  require  a  more  open  sand  of  a  coarser 
grained   texture   than  will   fine  castings. 

Durability. — The  durability  or  life  of  a  sand  is  of  extreme 
importance.  There  are  many  sands  which,  when  used  once  or 
twice,  lose  some  of  their  desirable  qualities,  and  soon  become 
'dead'  or  useless.  Obviously,  the  sand  in  contact  with  and 
adjacent  to  the  molten  metal  will  suffer  most.  The  present 
practice  is  to  screen  out  the  coarse  particles  and  add  fresh  sand  to 
the  remainder.  Hence,  the  greater  the  durability  of  a  sand, 
the  better  it  is,  as  it  will  last  longer,  and  it  will  not  be  necessary 
to  add  fresh  sand  to  it  so  frequently. 

In  deciding  on  methods  to  employ  in  examining  the  samples 


Foundry  Moulding  Sands — Cole,  L.  H. 


271 


taken,  in  order  to  ascertain  their  characteristics  regarding  the 
qualities  just  enumerated,  it  was  decided  to  proceed  as  follows: 
The  sample  for  examination  is  first  passed  through  a  10- 
mesh  screen,  and  what  is  retained  on  this  screen  is  considered  the 
sample  for  examination;  and  all  tests  are  conducted  with  this 
material. 

Texture. — The  texture  is  determined  by  making  a  granulo" 
metric  analysis  of  a  representative  sample,  generally  100  grams. 
This  is  passed  through  a  series  of  Tyler  Standard  Screens,  by 
shaking  thoroughly  on  a  mechanical  shaker;  the  material  retained 
on  each  screen  being  collected,  weighed,  and  noted.  If  the 
sample  in  the  first  place  weighs  100  grams,  the  weight  recorded 
as  retained  on  each  screen  is  the  percentage  retained  on  that 
screen;  and  the  cumulative  percentage  of  all  material  that  would 
be  retained  on  any  given  screen,  if  that  screen  alone  were  em- 
ployed, can  readily  be  determined.  The  screens  used  for  this 
test  and  the  form  used  for  tabulating  the  results  are  as  follows : 


Indicate 
the  Screen 
Crushed 
through 
and  also 

First 

Retaining 

Screen 

SCREEN  SCALE  RATIO  1.414 

Sample 
Weights 

Per  Cent 

Openings 

Mesh 

Diam. 
Wire 
Inches 

Percent 
Cumula- 

Inches 

Milli- 
metres 

tive 
Weights 

1.050 
.742 
.525 
.371 
.263 
.185 
.131 
.093 
.065 
.046 
.0328 
.0232 
.0164 
.0116 
.0082 
.0058 
.0041 
.0029 
.0029 

26.67 

18.85 

13.33 

9.423 

6.680 

4.699 

3.327 

2.362 

1.651 

1.168 

.823 

.589 

.417 

.295 

.208 

.147 

.103 

.074 

.074 

3 

4 

6 

8 

10 

14 

20 

28 

35 

48 

65 

100 

150 

200 

200 

.149 

.135 

.105 

.092 

.070 

.065 

.036 

.032 

.035 

.025 

.0172 

.0125 

.0122 

.0092 

.0072 

.0042 

.0026 

.0021 

.0021 

•  v:jT 

,  ,  ;■ 

"j 

.■:'■-;' 

.....  j  J » 

Pass 

Totals 

.......  .J. 
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In  order  to  gain  some  idea  of  the  relative  fineness  of  the 
sand,  and  to  be  able  to  express  this  in  one  figure,  a  more  conve- 
nient form  than  the  whole  granulometric  analysis,  the  average 
fineness  of  the  sample  is  calculated.  The  average  fineness  is 
determined  as  follows:  The  material  passing  through  each 
screen  and  retained  on  the  next  smaller  one  is  multiplied  by  the 
mesh  of  the  screen  passed  through.  The  results  obtained  are 
totalled  and  divided  by  100,  the  resultant  being  the  average  fine- 
ness. In  other  words,  if  all  the  grains  of  the  sample  were  reduced 
to  a  uniform  size,  they  would  just  pass  through  a  screen  whose 
mesh  was  equal  to  the  average  fineness  of  the  sample.  For 
example.     The  granulometric  analysis  of  a  sand  is : — 

Mesh          %  The  calculations  for  aver- 
age fineness  will  be: 

Retained  on 10  

14  14  X    0.10   =           1.40 

20           0.10  20  X     0.12    =  2.40 

28           0.12  28  X     0.23    =  6.44 

35           0.23  35  X     0.65    =          22.75 

48           0.65  48  X     0.72    =         34.56 

"             65           0.72  65  X     1.50=         97.50 

100           1.50  100x13.01=      1301.00 

150  13.01  150x22.30=     3345.00 

"             200  22.30  200  X  61.37    =    12274.00 

Through 200         61.37         Total 17085.05 

17085.05 
=   170.85 


100 

or  the  average  fineness  of  the  sample  is  170.85. 

Microscopic  Examination. — It  has  been  found  that  the  free 
use  of  the  microscope  in  examining  the  sand,  both  fresh  and 
after  being  burned,  has  added  valuable  data  which  help  materially 
in  determining  a  sand's  suitability  for  a  moulding  sand.  Micro- 
photographs  of  the  sand  are  also  valuable  for  comparison. 

Refractoriness. — The  refractoriness  of  a  sample  is  determined 
by  preparing  a  cone  of  the  sand  and  heating  it  to  fusion  in  an 
electric  furnace  along  with  standard  Segers  cones,  and  noting 
at  what  cone  the  sand  fuses. 

Bonding  Power. — The  determination  of  the  bonding  power 
of  a  moulding  sand  from  tests  either  in  a  laboratory  or  in  actual 
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foundry  practice  presents  many  difficulties,  and  the  methods  so 
far  devised  give  only  relative  results,  and  these  are  variable 
according  to  the  skill  of  the  operator  making  the  tests.  The 
tentative  method  adopted  for  these  tests  is  similar,  with  a 
few  slight  modifications,  to  the  method  employed  by  the  Bureau 
of  Standards  at  Washington,  D.C.  By  this  test  the  trans- 
verse strength  of  the  sand  is  determined.  A  known  quantity 
of  a  particular  sand  is  weighed  (generally  500  grams)  and  mixed 
with  a  definite  quantity  of  water  so  that  the  sand  will  just 
hold  together.  From  this  sand  a  test  bar  is  made,  one  inch 
square,  in  section,  by  12  inches  long.  This  is  moulded  in  a 
snap  flask  on  a  piece  of  plate  glass.  The  sand  is  packed  in  the 
flask  as  uniformly  as  possible  from  end  to  end  with  the  thumb 
and  forefinger  of  each  hand,  and  smoothed  with  a  trowel.  The 
flask  is  removed,  and  the  test  bar  is  left  on  the  plate.  The  glass 
plate  and  bar  are  then  weighed,  the  weight  of  the  glass  plate 
having  been  previously  determined,  the  w^eight  of  the  test  bar 
is  obtained  by  difference.  While  the  test  bar  still  retains  its 
moisture,  it  is  gently  and  steadily  shoved  lengthwise  over  the 
edge  of  the  glass  plate  until  it  breaks  off  and  the  length  breaking 
off  is  noted.  Continuing  this  operation,  successive  portions  are 
broken  off  and  the  average  length  of  the  overhang,  at  the  break- 
ing moment,  is  determined.  The  weight  of  the  bar  in  grams 
being  known,  the  transverse  strength  of  the  specimen  can  be 
calculated  from  the  following  formula: 

S  =  Wt.  of  bar  (in  gms.)      L^  in  inches 

X  where 

4  453.6 

S  =  transverse  strength. 
L  =  length  of  overhang  in  inches. 

A  series  of  tests  were  conducted  on  each  sample,  taking  5  cc. 
additional  water  each  time  until  the  test  bar  deforms  on  at- 
tempting to  shove  it  over  the  edge  of  the  glass.  An  average  of 
the  transverse  results  obtained  by  using  varying  quantities  of 
water  is  taken  to  represent  the  transverse  strength  of  the  speci- 
men. 
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Permeability. — The  method  adopted  for  the  determination  of 
the  permeability  of  a  moulding  sand  is,  as  far  as  the  writer 
knows,  entirely  new.  Investigations  along  this  line  have  con- 
sisted in  passing  either  a  definite  amount  of  water  or  air  through 
the  sand,  and  noting  the  time  required.  Both  these  methods 
introduced  a  serious  error,  since  once  the  first  air  or  water  had 
passed  through  the  sand,  channels  would  be  opened  through 
the  sand  which  would  greatly  facilitate  the  flow  of  the  remainder 
of  the  air  or  water.  To  overcome  this  difficulty  the  apparatus 
shown  in  Fig.  1  was  designed, and  the  results  so  far  obtained  have 
been  extremely  satisfactory.  With  this  apparatus,  ordinary  illu- 
minating gas  at  a  definite  pressure  is  passed  through  the  sand, 
and  ignited  the  instant  it  reaches  the  top  of  the  sand  tube.  The 
interval  of  time  required  from  when  the  gas  is  turned  on  to  the 
moment  of  ignition,  is  noted  by  a  stop  watch,  thus  determining 
the  initial  passing  of  the  gas,  and  overcoming  the  error  due  to 
the  forming  of  channels  through  the  sand.  Three  tests  are  run 
on  each  sample,  using  fresh  sand  each  time.  The  average  time 
is  taken  as  the  permeability  factor.  The  sand  is  packed  uni- 
formly in  the  cylinder  by  placing  in  a  small  quantity  at  a  time 
(about  1  inch  of  sand),  and  pressing  it  down  for  5  seconds,  using 
a  5  lb.  weight.  When  the  cylinder  is  filled,  it  is  struck  off  flush 
on  the  top  with  a  straight  edge. 

Durability. — All  the  foregoing  tests  may  be  regarded  as 
being  in  the  nature  of  a  preliminary  enquiry  to  determine  whether 
the  sand  so  tested  can  be  classed  as  a  moulding  sand  and  passed 
on  to  the  durability  test,  which  must  always  be  regarded  as  the 
final  one  by  which  a  sand  from  an  unworked  deposit  is  accepted 
or  rejected.  The  durability  test  is  made  under  actual  working 
conditions,  hence  definite  knowledge  of  the  usefulness  of  a  sand 
can  be  determined. 

If  a  sample  when  subjected  to  the  previously  described 
tests,  has  proven  satisfactory,  within  certain  accepted  limits, 
a  larger  sample  is  obtained,  and  tested  in  a  commercial  foundry, 
where  castings  are  being  made  of  the  class  to  which  the  sand 
is  deemed  best  suited.  A  pattern  is  chosen,  generally  one 
which  comes  in  the  general  run  of  the  foundry,  and  the  sand 
to  be  tested  is  used  with  this  pattern.  Care  is  taken  to  keep 
separately  the  sand  in  which  the  casting  is  made,  and  another 
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cast  from  the  same  pattern  is  made,  using  this  sand  without 
adding  any  fresh  sand  to  it.  This  operation  is  repeated  until 
the  sand  shows  signs  of  becoming  'dead.'  After  each  cast,  the 
sand  is  thoroughly  mixed  and  a  sample  taken.  These  samples 
are  submitted  to  all  the  laboratory  tests  previously  described, 
and  any  differences  are  noted.  For  means  of  comparison,  a 
duplicate  series  of  castings  is  made  in  parallel  with  the  sand 
being  tested,  employing  some  well-known  moulding  sand. 

Results  of  a  Test  ox  a  Moulding  Sand  Collected  near 
Brockville,  Ont. 

To  illustrate  the  methods  employed  in  the  examination  and 
testing  of  a  moulding  sand  the  following  report  of  a  test  on  a 
deposit  of  moulding  sand  from  near  Brockville,  Ont.,  will 
serve.  This  deposit  was  one  encountered  in  the  course  of 
the  regular  field  work,  in  connection  with  the  investigation  of 
the  sand  deposits  of  Ontario. 

Field  Examination. — The  deposit  in  question  lies  2|  miles 
to  the  west  of  the  town  of  Brockville,  Ont.,  between  the  G.T.Ry. 
line  (Montreal  to  Toronto)  and  the  river  road,  (Brockville  to 
Belleville.) 

As  far  as  could  be  determined  in  the  time  at  the  disposal  for 
the  field  examination  the  area  underlain  by  moulding  sand  is 
of  considerable  extent,  although  detailed  w^ork  was  only  carried 
out  on  the  area  shown  in  the  sketch  miap.  Fig.  2.  No  time  was 
available  to  trace  the  extension  of  the  deposit  to  the  eastward  or 
to  the  west,  but  this  will  be  done  during  the  field  season  of  1917. 

The  topography  of  the  immediate  district  is  decidedly  rugged. 
The  drift  with  which  the  district  is  overlain  consists  of  rolling 
hills  of  boulder  clay,  sand,  and  gravel,  through  which  numerous 
'islands'  of  bare  rock  protrude.  These  patches  of  bare  rock  con- 
sist to  the  north  and  northeast  of  Potsdam  (?)  sandstone  and  to 
the  south  and  west  of  Laurentian  granites.  All  outcrops  of  rock 
examined  were  well  glaciated,  and  rounded,  showing  clearly 
defined  striae. 

By  reference  to  the  sketch  map  Fig.  2,  (p  .280)  it  will  be  seen 
that  the  area  so  far  known  to  be  underlain  by  moulding  sand  lies 
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between  and  around  the  rock  outcrops  already  mentioned.  A 
stream  passing  through  the  deposit  has  revealed  clay  beneath 
the  sand. 

The  sand  lies  beneath  a  thin  layer  of  loam  averaging  about 
6  to  12  ins.  thick.  In  most  places  where  tested  there  was  a 
definite  line  of  demarcation  between  the  loam  and  the  sand. 

The  sand  is  fairly  uniform  over  the  whole  deposit  shown  in 
the  sketch,  and  will  average  2  ft.  4  ins.  thick.  In  all  the  test 
holes  and  pits,  only  two  boulders  were  encountered,  each  about 
2h  ins.  diameter,  so  that  the  sand  appears  to  be  free  from  stones 
in  the  area  examined.  At  the  edges  of  the  deposit,  where  the 
sand  and  boulder  clay  are  in  contact,  it  may  be  that  the  boulders 
are  more  frequent. 

In  order  to  determine  the  nature  and  extent  of  the  deposit  a 
number  of  test  pits  were  examined  and  drill  holes  bored  as  indic- 
ated on  the  sketch  map.  The  results  obtained  from  these  pits 
and  holes  are  as  follows: — 


Results  of  Test  Pits  and  Borings  on  Brockville  Sand  Deposit. 


Amount  of 

Thickness  of 

Material  below 

Hole  or  pit 

stripping 

moulding  sand 

moulding  sand 

1 

8  ins. 

3  ft.    8  ins. 

Sand  and  clay  in- 
terbanded. 

2 

8  " 

3  "     4     " 

u            u 

3 

4 

14  " 
12  " 

1  "      0     " 

1   "      2     " 

Sandy  clay. 

5 

10  " 

1  "      6     " 

li               u 

6 

10  " 

3  "    10     " 

ii              u 

7 

15  " 

1  "      9     " 

u           u 

8 

8  " 

2  "      0     " 

u            a 

9 

10  « 

1  "    10     " 

u            u 

10 

7  " 

2  "      2     " 

u            a 

11 

10  « 

2  "      6     " 

«            (( 

11a 
lib 

Stiff  clay  to 

(1         (1 

a  depth  of  3  ft. 

12 
13 

6  ins. 
10  « 

2  ft.    0  ins. 
1   "      6     " 

Sandy  clay. 

u             a 

14 

4  « 

2   "      6     « 

U                 li 

15 

8  « 

2   "      6     " 

u            u 

16 

6  « 

3  "      0     " 

u            u 

17 

8  " 

2   "      0     " 

U                   it 

18  pit 

8  « 

2  "     6     " 

li           a 

19 

10  « 

2  "      8     " 

li           11 

20  pit 

4  « 

3  "      2     « 

u               tl 
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No  idea  can  be  given  of  the  total  tonnage  of  sand  available  as 
the  complete  boundaries  were  not  located,  but  that  there  is  a 
considerable  quantity  there  can  be  no  doubt,  judging  from  the 
area  tested. 

Preliminary  Tests. — A  sample  of  40  lb.  of  sand  was  taken 
when  the  deposit  was  first  visited,  and  this  was  applied  by  the 
Alex.  Fleck  Limited  foundry,  Ottawa,  to  make  moulds  for 
three  iron  castings,  one  at  a  time,  using  the  Brockville  sand, 
exclusively,  each  time.  The  weight  of  the  casting  was  about 
12  pounds  and  all  three  casts  were  perfectly  satisfactory,  having 
a  good  smooth  surface  free  from  scabs,  and  corners  showing 
clean  definition. 

This  preliminary  test  having  proved  satisfactory,  two  lots 
of  600  pounds  each  were  dug  and  shipped  by  the  writer  to 
Ottawa  without  preparation  in  any  way,  in  order  to  test  the 
lasting  and  wearing  qualities  of  the  sand.  Care  was  taken  to  see 
that  the  samples  collected  were  representative  of  the  whole  de- 
posit as  far  as  could  be  ascertained.  One  shipment  was  taken  to 
the  foundry  of  Alex.  Fleck  Limited,  Ottawa,  where  the  first  tests 
were  made;  and  the  other  600  lb.  was  delivered  at  the  brass 
foundry  of  Lawson  Bros.,  Ottawa. 

At  both  places  the  tests  carried  on  were  made  under  the 
supervision  of  the  writer,  who  followed  closely  all  the  results 
obtained,  and  examined  the  sand  and  castings  after  each  cast 

Test  of  Sand  at  the  Fleck  Foundry. — It  was  desired  to  gain  an 
idea  of  the  life  of  the  sand  when  employed  with  fairly  heavy 
pieces  of  casting.  In  order  to  obtain  comparative  results  the  same 
amount  of  fresh  No.  3  Albany  moulding  sand,  as  used  in  this 
foundry,  was  taken  and  used  side  by  side  with  the  Brockville 
sand  on  the  same  pattern.  After  each  cast,  each  sand  was  kept 
separate,  thoroughly  mixed,  sampled,  and  used  again.  The  piece 
cast  was  an  iron  flange  in  the  shape  of  an  L,  5  ft.  long,  10  in.  wide, 
and  1  in.  thick,  with  a  3-in.  flange  1  in.  thick,  on  one  side.  The 
weight  of  the  casting  was  approximately  200  lb. 

Five  castings  were  made  in  each  sand  under  ordinary  work- 
ing conditions,  the  moulding  being  done  on  the  two  sands  by  the 
same  moulder  throughout,  under  the  direct  supervision  of  the 
foreman.    Care  was  taken  that  each  sand  was  thoroughly  mixed 
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after  each  casting.  A  sample  of  each  sand  was  taken  when  fresh, 
and  after  each  burn,  and  examined  in  the  Mines  Branch  Labor- 
atories. No  fresh  sand  was  added  to  either  test  and  only  the 
sea  coal  that  was  absolutely  necessary  was  employed. 

The  castings  were  examined  after  each  cast  There  was  no 
noticeable  difference  between  those  cast  in  either  sand  or  from 
the  first  and  fifth  cast  in  the  same  sand. 

Test  of  sand  at  Lawson's  Brass  Foundry. — The  sand  sent  to 
Lawson  Bros,  was  used  in  their  brass  foundry  on  general  run  of 
work,  employing  whatever  pattern  they  needed  each  day.  The 
Brockville  sand  was  kept  separate  throughout  and  the  cast  was 
varied  between  brass  and  iron,  all  castings  being  small.  The 
sand  was  mixed  thoroughly  after  each  burn  and  no  fresh  sand 
was  added  to  it.  Samples  after  every  alternate  burn  were 
taken  for  examination.  Seven  castings  in  all  were  made  in 
the  same  sand,  the  weight  of  castings  varying  from  12  to  50 
pounds.  Five  were  brass  and  two  iron.  All  castings  when  examin- 
ed showed  clear,  sharp,  well  defined  edges,  and  the  body  free 
from  scabs.  No  sign  of  burning  appeared  on  any  of  the  castings. 
A  sample  of  the  fresh  Albany  No.  O,  as  used  in  this  foundry,  was 
taken  for  comparison. 

Laboratory  Tests. 

The  samples  for  examination — obtained  from  the  casting 
tests  at  the  two  foundries — were  subjected  to  the  following 
laboratory  tests: 

Granulometric  Test. — The  samples  as  brought  from  the  found- 
ries were  each  treated  as  separate  samples.  Each  one  was 
thoroughly  mixed  and  quartered,  and  100  grams  taken,  and  put 
through  a  set  of  Tyler  Standard  Screens,  on  a  mechanical  shaker. 
The  results  obtained  are  tabulated  in  Table  No.  1. 

Transverse  Strength. — The  test  for  determining  the  transverse 
strength  or  bonding  power  of  the  sand  was  carried  out  in  a  similar 
manner  to  that  employed  in  the  Bureau  of  Standards,  Washing- 
ton, with  the  exception  to  the  procedure  followed  there  of  always 
taking  the  same  amount  of  water.  A  series  of  tests  were  made  on 
each  sample,  varying  the  amount  of  water  5ccs.  each  time,  and 
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Fig.  2.  Sketch  map  showing  areas  munderlain  by  moulding  sand  on  the  property 

of  T.  H.  Bresee,  and  others,  2h  miles  west;of^Brockville,  Ont. 
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Plate  I. — Photomicrographs  No.  3,  Albany  Sand. 
(Oblique  reflected  light— Magnification,  20  diams). 

1.  Fresh  Sand.  3.  After  second  burn.  5.  After  fifth  burn 

2.  After  first  burn.  4.  After  fourth  burn.  6.  After  sixth  burn. 
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Plate  II.     Photomicrographs  Brockville  Sand,  (Fleck's  Foundry). 
(Oblique  reflected  light — Magnification,  20  diams). 

7.  Fresh  Sand..  9.  After  second  bum.         11.  After  fourth  bum. 

8.  Afterfirst  burn.  10.  After  third  burn. 


12.  After  fifth  burn. 
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Plate  III.     Photomicrographs  Brockville  Sand,  (Lawson's  Foundry). 
(Oblique  reflected  light,  Magnification,  20  diams). 

u'  aK^"*  JiT^^'^k''"-         ,^f  •  '^I'^''  ^^"'■^^h  b"''"-         17.  After  seventh  burn. 

14.  After  third  burn.       16.  After  fifth  burn.  18.  No.  0  Albany  fresh  sand. 
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taking  the  average  of  results  obtained  as  the  transverse  strength, 
The  results  of  the  tests  are  given  in  Table  No.  2. 

Test  for  Refractoriness. — A  test  for  the  refractoriness  of  the 
fresh  Brockville  sand  was  made  by  preparing  a  cone  and  fusing  it 
in  an  electric  furnace  with  Standard  Segars  cones.  The  test  cone 
fused  at  cone  8  which  is  equivalent  to  1290  degrees  C.  or  2354 
degrees  F. 

Microscopic  Examination. — The  fresh  sand,  as  well  as  the 
samples  from  each  burn,  were  examined  under  a  binocular 
microscope,  and  the  following  notes  made : — 

1  No.  3  Albany  fresh  Small  grains,  well  rounded. 

{Fleck's)  Larger      grains,      semi-angular. 

Quartz  predominant.  Occasional 
grains  of  magnetite — all  were 
coated  with  clay,  and  of  uni- 
formly yellowish  colour. 

2  do  1st  burn.     Quartz  grains  in  some  cases  have 

the  clay  partially  burned  off. 
Sintering  is  seen  in  a  few  cases 
in  the  smaller  grains.  In  most 
cases  sand  grains  are  unchanged. 

3  do  2nd  burn.    Similar  to  No.  2  with  exception 

that  the  sand  has  a  darker  ap- 
pearance, due  to  occasional  grains 
having  turned  reddish  in  colour 
from  the  oxidation  of  the  ferric 
iron  coating. 

4  do  3rd  burn.    Sand  has  a  darker  appearance. 

Sintering  more  pronounced. 
Cementing    of    groups    of    the 
smaller  grains  together.    Larger 
grains  losing  their  clay  coating 
to  a  small  extent. 

5  do  4th  burn.    Similar  to  No.  4  with  the  group- 

ing together  of  the  smaller 
grains  more  pronounced. 
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Albany. 
(Fleck's) 


5  th 


l)iini. 


7  Brockville  fresh 
(Fleck's  Foundry) 


do 


do 


Large  grains  have  taken  on  the 

appearanceof  spongy  massesdue 
to  the  adhering  of  the  smaller 
particles  to  them.  Smaller  part- 
icles are  grouped  and  cemented 
together  still  further.    Sintering 
quite  pronounced.  Occasionally 
edges  of  larger  grains  are  fused. 
Sand    consists    of    fairly    clean 
quartz  sharp  and  angular  with 
only  a  very  thin  film  of  clay 
coatmg.  Magnetite,  hornblende, 
teldspar,  and  mica  visible.  Light 
yellowish  colour. 

1st  burn.     Sintering  appearing.     Sand  as- 
suming a  darker  colour. 


2nd  burn. 


10 


11 


do 


do 


3rd  burn. 


4th  burn. 


12 


do 


5th  burn. 


Sintering  quite  pronounced. 
Larger  grains  have  smaller  grains 
cemented  to  them  and  the 
smaller  grains  commencing  to 
group  together  in  cemented 
masses. 

Sintering  and  cementing  to- 
gether of  small  particles  more 
pronounced.  Sand  grains  show- 
ing decided  effect  of  heat. 

Complete  fusion  in  mass  of  some 
of  the  smaller  groups  of  particles 
can  be  seen.  The  edges  of  most 
of  the  larger  grains  have  become 
fused  and  present  an  appearance 
of  water- worn  sand. 

Sintering  pronounced  in  most  of 
the  grains.  Small  grains  are 
grouped  together  and  well  fused. 
Larger   grains   show    fusion    of 
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13  Lawson's  Foundry  1st  burn. 


14 

do 

3rd  burn. 

15 

do 

4th  burn. 

16 

do 

5th  burn. 

17 

do 

7th  burn. 

18  No.  0  Albany  Fresh. 


sharp  edges.  Bonding  coating 
has  disappeared  from  the  greater 
percentage  of  grains. 

Coating  slightly  affected.  No 
sign  of  sintering.  Sand  similar 
in  appearance  to  original. 

No  sign  of  sintering.  Coating 
only  slightly  affected.  Other- 
wise similar  to  original. 

Same  as  No.  14. 

Same  as  No.  15  with  slight  signs 
of  sintering. 

Slight  sintering.  Smaller  part- 
icles in  some  cases  cemented 
together. 

Highly  silicious  sand.  Uniform- 
ly graded  and  coated.  Sand 
particles  sharp  and  angular. 
Light  yellow  in  colour. 
Photomicrographs  of  each  sam- 
ple were  taken,  and  are  shown  in 
Plates  Nos.  I,  II,  and  III. 


Chemical  Analysis. — A  chemical  analysis  of  the  Brockville 
sand  was  made,  with  the  following  result: — 

Ultimate  Analysis 


SjO^ 74 .  35  per  cent. 

FeA 1.10 

FeO 1.48 

AUO, 12.63         " 

CaO 2.60 

MgO 1.06         " 

Na'0 2.73 

K,0 2.15 

HaO 1.90 
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It  is  questionable  whether  much  information  can  be  obtained 
from  ultimate  analysis,  beyond  a  very  general  indication  of  the 
refractoriness.  It  is  moreover  frequently  very  misleading;  hence 
it  is  deemed  advisable  to  omit  it  in  future. 

Permeability  Test. — The  permeability  test  shows  that  the 
permeability  increases  the  oftener  the  sand  is  subjected  to  the 
molten  metal.    Results  are  given  in  Table  III. 

Conclusions  to  be  Drawn  from  Results  of  Tests 

An  examination  of  the  results  obtained  from  the  series  of 
tests  carried  out  on  this  sand  brings  out  some  interesting  facts 
regarding  the  properties  of  moulding  sands  and  their  behaviour 
under  actual  working  conditions. 

Granulometric  Analysis. — By  comparing  the  No.  3  Albany 
screen  analysis  with  the  Brockville  sand  used  at  the  Fleck 
Foundry,  it  will  be  seen  that  there  is  in  both  cases  increase  in 
the  coarseness  of  the  particles,  the  oftener  the  sand  is  submitted 
to  the  heat  of  the  molten  metal.  In  the  case  of  the  No.  3 
Albany,  this  increase  is  uniform  and  very  gradual ;  whereas  with 
the  Brockville  sand  the  changes  are  abrupt  and  not  uniform, 
showing  a  tendency  of  the  smaller  particles  to  become  cemented 
together.  On  the  other  hand,  the  Brockville  sand  as  used  at 
the  Lawson  Foundry,  shows  only  a  slight  increase  after  each 
burn,  and  the  increase  is  uniform. 

Tests  for  Transverse  Strength. — In  examining  the  results  ob- 
tained by  the  tests  for  transverse  strength  it  is  seen  that  both  in 
the  No.  3  Albany  and  the  Brockville  sand  used  at  Fleck's,  there 
is  a  gradual  decrease  in  the  amount  of  water  used  and  also  a 
decided  decrease  in  the  transverse  strength.  In  the  case  of  the 
Brockville  sand  used  at  Lawson 's  the  decrease  in  strength  is  only 
slight. 

Microscopic  Examination. — By  microscopic  examination  of 
the  samples  obtained  after  each  burn  and  also  the  fresh  sand, 
some  interesting  data  were  secured. The  Brockville  sand  (Fleck's), 
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shows  decided  sintering  and  cementing  together  of  the  smaller 
grains  to  the  larger  ones  with  a  consequent  decrease  in  bonding 
power.  This  sintering  and  cementing  together  of  the  particles  is 
shown  plainly  in  the  photomicrographs,  Plate  II.  The  sand 
tested  at  Lawson's  shows  very  little  alteration  when  examined 
under  the  microscope. 

Chemical  Analysis. — The  conclusions  to  be  drawn  from  the 
chemical  analysis  are  so  slight  that  it  can  be  dispensed  with  in  an 
examination  of  this  kind,  the  physical  tests  being  the  only  ones 
of  value. 

Summary  of  Results 

Summing  up  the  results  obtained  in  the  tests,  it  appears 
that  the  Brockville  sand  is  a  suitable  moulding  sand  for  stove 
plate  and  similar  light  work  in  iron,  but  although  the  heavier 
castings  made  in  it  were  seemingly  satisfactory  it  would  not  be 
advisable  to  use  it  on  very  heavy  work,  as  the  possibility  of  its 
failure  would  be  greater  than  with  the  coarse  sands  in  general  use. 
Because  of  the  fineness  of  its  texture  with  the  resultant  ten- 
dency to  sinter  when  exposed  repeatedly  to  the  molten  metal, 
it  appears  to  answer  all  requirements  for  use  in  the  general 
run  of  brass  foundry  work.  With  a  little  care  in  selection  and 
grading  at  the  pit  several  grades  uniform  in  texture  could  be 
obtained. 


Foundry  Moulding  Sands — Cole,  L.  H. 


289 


u 


O 


u 


>.5 


+ 


On  O  ■^  J^  r^)  \0 


f^  1^  f^)  irj  lo  O 


00  tJi  00  00  o 


-rf<  CN  ro  -^f  ID 


<^  r^l  tN  CN 


t«     33      S      3      3 

,  H      (B     C      U     +.1    4-> 

<J  ■>-*  r^  r<i  '^  in 


(S,5133Ij) 


<~0  r^  r<o  mD  >0  lo 


^  -+I  uo  vo  MD  vo 


"^  |>1  fN  ro  ro  c^l 


C    C 

■    c/)    ;3  3     3     3  3 

,  N     ryj    C    t,    -w  ^j 

l^  -H   tN  CO  ■*  to 


XuBqiv  e  -ON 


On  O  <r>  00  t-~  ^-H 


00  >o  ^  -41  00  t^ 

00   -H   O   -H   CN   T^' 


I CN  r-a  CN  CO  -rf 


^  ^  ^  ro 


tN  -"^  T*  O  \0  o 


CCQ 


o 


«T3  jnxl  J= 

C/)     U    -*-•    4-J    +-> 

'-I  ro  rfi  ir5  t^ 


o 


(S^UOSMBq) 

ailjAjjooja 


290 


Foundry  Moulding  Sands — Cole,  L.  H. 


Si 

3 

n 

n 

T) 

hJ 

.2 

Z 

T) 

(U 

H 

3 

O 

u 

t—l 

z 

1 

a 

c55 

1 

i^ 

(4 

0) 

be 

> 

c 

c 


8 


LT,  lO  U-,  CN  r^ 

r^.  O  ■*  O  lO  o 
o- OO  00  00  t^  t^ 

r^  fC  ic  0  '^  '^ 

0  ^0  0  0  CN  t-~ 

00  0  SO  t^  SO  "^ 

•^  0  IC  sC  U".  t^ 

0  10  t--  00  0^  ■5l< 

OS  00  00  00  00  00 

0) 

> 

o  o  oo  c  o 

cooco  0 

000000 

< 

u 

c     •     ■     ■     ■     • 

0    ■    •    •    •    • 

OS 

■^ 

^ 

6 

t^ 

OS  OS      -00      •      • 

§ 

c 



00    -o    •    • 

u 

vOt^'^      •      •      • 

OS  O-.  00      ■      ■      • 

so  OS  iri  00  00  0\ 

o»  00  00  00  00  00 

«r5 

00 

oco    ■    •    • 

000000 

6 

^OvOO      •      •      ■ 

t^  'f  vO  00  r~  ■^ 
00  00  Os  00  Os  00 

o 

00 

coo    ■    •    • 

000000 

6 

(J 

I'",  't  I';  O  ""-  ov 

OC  00  OCO^  OOt— 

u~/  so  r^  OJ  CN  -- 

00  t^  Os  Os  00  00 

c  ooooo 

000000 

6 

■O  ir-,  'O  O-  "-.  -f 
r~- 1^  00  oc  O  t^ 

so  •*  CS  0  "-H  10 

r^  00  0^  OS  Os  00 

o 

d  o  o  o  o  o 

000000 

6 
o 

•  ■      •  t^  IC  oc 

•  •       ■  00  t^  t^ 

5;    "*    •    ■    • 
a     t-    ■    ■    ■ 

so 

•    •    -ooo 

-H     -o     •     •     • 

.    •    -ooo 

•       •  00  t^  t^ 

ro  t~-  i/~,  0  r^  10 
C^  iC  sC  00  0  "~. 

s 

•    ■    -ooo 

000000 

r<-,  ■^  C~  10  'T;  C" 
t--  i^  so  0  0  10 

000000 

»*  CN  r^  IC  fN  00 
t^  so  liO  so  0  "0 

c 

o 

13 

is 

1/5    3S     S     3     S 

S    h  3    3    3    3 

"2 

1  i=  «  s  s 

q 

see 

"J        •    .    .    . 

0; 

1^ 

X 

2;  ^-v-vjsj: 
,";;  tc  c  1-  *-p  -w 

U  ^  «N  ro  -*  »/:) 

,1:    tn   C   u  *J  *J 
^  —  r^  r^  '*  10 

2J  J-aj=j:j: 

-K   tn   u  4J  *j  « 
t_J  •—  <v>  Tt  tr>  r^ 

S,JID3IJ 

S,3J03IJ 

s,uos.\vBq 

'ajJIAllDOJa 

'XuBqiv  S  -ON 

'ajjiAjjDojg 

Foundry  Moulding  Sands — Cole,  L.  H. 


291 


f 

II 

II 

1! 

II 

-a 

3 

T3 
<u 
in 

3 

-a 

0) 
in 

3 

<u 
in 

3 

1 

cS 

o 

o 

6 

0 

o 

vO 

o 

o 

0 

6 

bo 

lO  »0  >0  lO  lO  ID 

lO        lO        lO  >o 

ITi  ITi  iniT)  IT)  in 

>o 

2 

CS  CN  rf  ■^  Tti  rc 

-^         CN         ■*-< 

^— 1  ^-H  l-H  T-H  1^  Tf 

CO 

^ 

■*  ro  CN  CM  CS  CS 

00  00  00  'O  lO  lO 

OOO— 1  OOOt^ 

CM 
CM 

."2 

iTi  IT)  irj  i/>  to 

lO  ID        lO  lO 

lO         lO  <0  lO 

>0 

H 

^    ^Tf-lfC 

CM  •«       ^H  re 

CM        ■rt  -^  ■rt< 

CO 

-6 

•*  r^  C^  CM  (M  CS 

00  00  On  t^  >0  VO 

OOO'^  OOO  VO 

CM 

m 

'u 

lO  lO  irj  lO 

lO  >0               lO 

ir>        lo        ir^uo 

H 

T^Th'^fo 

ro  PO            ■^ 

CO       ^       -^ro 

-a 
c 

iTjrO  (MCSfO  CS 

t^f-  00  VO  lO  O 

T-l 

t~  O  O  00  '-f  t— 

CO 
CN 

Oi 

[rt 

lO         lO  lO         lO 

lO 

lOvOlO        lO 

H 

♦-I              -^TiH              CO 

^ 

CM  ro  '-I        ■* 

7) 

■^  ■*  CM  CN  ro  CN 

Cv  00  00  lO  t^  lO 

Ov  O  CM  00  -^  00 

CO 
CM 

C 

—  3     a     3     3 

Ml  •rt  CM  fO  -^  lO 

<n           •     .     .     . 

,^  in  C  V-  +j  *j 
Uh  ^H  CM  r<7  •*  lO 

in          .... 

,^     in     U    -M    4J    4J 

Ph  ^H  CO  ^^  10  t^ 

in 

Xjpuno  j  s^j|D3i  j 

Ajpuno  j  s^Jioaj  j 

Ajpunoj 

S^UOSMBq 

'puBsaniAjjDOJe 

^0 

n3     • 

'AuBqiv  e  ON 

'puBS  aniAJiDOjg 

POTASH,   ITS   PRESENT  AND   OTHER   POSSIBLE 
SOURCES.! 

By  C.  VV.  Drury 

Uses  of  Potash. — Potash^  is  used  mainly  as  an  ingredient  of 
fertilizers,  about  90%  of  the  total  potash  salts  imported  into 
United  States  being  employed  for  this  purpose,  while  the  remain- 
ing 10%  finds  its  way  into  the  chemical  industries  in  the  prep- 
aration of  paints,  photographic  supplies,  dyes,  fireworks, 
matches,  and  gunpowder. 

Prior  to  1887  more  potash  was  used  for  industrial  than  for 
fertilizing  purposes,  but  since  that  date  its  use  as  a  fertilizer  has 
increased  rapidly.  In  1890,  58.4%  of  the  total  consumption  of 
German  potash  salts  was  for  agricultural  purposes;  in  1900, 
76.7%,  and  in  1909,  87.4%.  In  the  United  States  the  consumption 
of  potash  for  fertilizer  purposes  practically  doubled  between 
1904  and  1913. 

In  1860  wood  ashes  were  the  chief  source  of  potash,  Russia 
being  the  leading  producer. 

Function  of  Potash. — Potassium  is  one  of  the  three  essential 
plant  foods,  the  other  two  being  nitrogen  and  phosphoric  acid. 

•In  the  preparation  of  this  paper,  the  author  obtained  considerable  ma- 
terial and  information  from  the  Report  of  the  Fertilizer  Industry  by  the 
Federal  Trade  Commission  appointed  by  the  United  States  Government, 
1916;  also  from  a  Bulletin  on  Potash  Salts,^1915,  by  W.  C.  Phalen,  U.S. 
Geological  Survey. 

^The  element  potassium,  represented  by  the  symbol  K,  is  the  basis  of  aU 
potash  salts  or  compounds.  This  substance  is  a  metal;  that  is  it  possesses 
metallic  properties.  To  prevent  rapid  change  it  must  be  kept  from  air  and 
water,  with  both  of  which  it  combines  with  great  avidity.  Combined  with 
oxygen  it  forms  potassium  oxide,  represented  by  the  symbol  K2O,  known  as 
potassa,  but  popularly  as  potash.  In  estimating  the  quantity  of  potassium 
in  the  different  products  of  the  Stassfurt  deposits,  this  compound,  K2O,  is 
employed  as  a  standard,  the  object  being  to  establish  a  basis  of  comparison 
for  all  potassium  salts.  Among  chemists  as  well  as  laymen  there  has  grown 
up  the  practice  of  using  for  this  standard  the  term  potash.  When  only 
the  term  'potash'  is  used  in  speaking  of  potash  products,  it  is  understood  to 
refer  to  the  potassium  oxide  (K2O)  present.  As  a  matter  of  fact,  however, 
potash  salts  are  not  sold  in  the  form  K2O,  but  as  the  sulphate  or  the  chloride. 
By  the  term  'potassium  sulphate'  is  meant  potassium  (K)  combined  with  the 
acid  radicle  of  sulphuric  acid  (SO4),  or  potassium  oxide  (K2O)  combined  with 
sulphur  trioxide  (SO3),  making  the  compound  K2SO4.  By  'potassium  chloride' 
is  meant  potassium  (K)  combined  with  another  element,  chlorine  (CI),  and 
represented  by  the  formula  KCl. 
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It  is  especially  necessary  in  the  formation  of  starch,  sugar, 
cellulose,  and  other  carbohydrates.  It  also  facilitates  the  growth 
of  the  fibrous  woody  portions  of  the  roots,  leaves  and  stems  and 
hasabeneficial  effect  upon  the  maturity  of  crops,  the  flavour  and 
quality  of  fruits  and  the  colour  of  flowers.  Potash  strengthens  the 
straw  or  stalk  and  helps  to  fill  the  grain  and  fruit.  In  addition 
to  the  three  essential  plant  foods,  there  are  about  ten  others  which 
are  necessary  for  the  normal  growth  and  development  of  plants. 
Among  these  lime,  magnesia,  iron,  soda,  and  silica  are  the  most 
important.  These  latter  plant  foods,  although  important,  are  not 
usually  added  in  fertilizers,  it  being  assumed  that  the  plant  can 
extract  sufficient  from  the  soil. 

Present  Sources  of  Potash. — The  main  source  of  potash  is  the 
Stassfurt  salts  of  Germany.  The  potash  occurs  in  the  form 
of  the  chloride  or  sulphate  and  the  average  grade  of  potash  salts 
mined  averages  about  9%  K2O.  A  small  quantity  is  obtained 
from  wood  ashes,  tobacco  stems,  beet-sugar  factories,  alunite, 
kelp,  brines,  saline  deposits,  and  silicate  rocks.  The  four  latter 
sources,  especially  the  silicates,  contain  abundant  supplies  of 
putash,  but  the  potash  is  present  either  in  small  quantities  or  else 
in  a  form  not  readily  available  as  a  plant  food.  The  potash 
salts  of  Germany  are  practically  all  soluble  in  water  and  after 
several  crystallizations  a  high-grade  product  may  be  obtained. 
Different  grades  of  potash  salts  are  produced  and  exported  from 
Germany,  the  amounts  being  given  in  the  following  table.  The 
German  Government  allows  only  about  one-half  of  the  output  to 
be  exported. 


Form  of  Salt^ 

Production 

metric  tons 

Carnallite 

Kainite 

Muriate 
of  Potash 

Sulphate 
of  Potash 

1890 

838,526 

401,870 

1895 

782,944 

669,531 

1900 

1,697,803 

1,189,394 

271,512 

33,853 

1905 

2,239,709 

2,405,536 

373,177 

47,994 

1910 

3,582,885 

4,577,893 

741,259 

84,583 

1913 

5,302,350 

6,305,160 

506,744a 

123,407a 

*In  the  above  table  carnallite,  kainite,  muriate  of  potash  and  sulphate  of 
potash  contain  9%,  12.4%,  50.5%  and  47-52.7%  K2O,  respectively. 
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the  german  potash  industry 

Importance  of  the  Industry. — The  importance  of  potash  in 
the  agricultural  world  and  the  natural  monopoly  of  production 
at  present  enjoyed  by  Germany  has  led  to  large  investments  of 
capital  in  the  mining  and  refining  industry.  This  has  been  espe- 
cially the  case  since  the  enactment  of  the  German  law  of  1910, 
which  fixed  the  selling  price  of  potash  in  such  a  manner  as  to 
insure  a  profit  to  the  operator.  The  industry  represented  an 
investment  of  500  million  marks  (8119,000,000)  in  193  mines, 
(January  1915),  with  a  considerable  number  of  others  in  the  course 
of  development. 

The  Prussian  Government  owns  mines  at  Stassfurt,  Bleicher- 
ode,  and  Vienenburg;  the  Duchy  of  Anhalt  has  large  works  at 
Leopoldshall;  and  the  Duchy  of  Brunswick  is  also  interested 
financially  in  the  industry'.  Most  of  the  mines,  however,  are 
privately  owned. 

Extent  of  Deposits. — The  principal  crude  potash  salts  mined 
in  Germany  are  carnallite,  kainite,  sylvinit  and  hartsalz.  The 
formula  and  composition  of  carnallite  and  kainite  are  as  follows: 
carnallite,  KCl.  Mg  CI.  +  6H.0  =  16.9%  K.O;  kainite,  MgS04; 
KCl  +  3H2O  =  19.1%  K2O.  These  minerals  contain  muriate 
of  potash,  mixed  with  various  other  salts,  especially  sodium 
chloride,  which  are  of  little  or  no  value  for  fertilizer  purposes. 
The  deposits  of  these  potash  minerals  are  found  a  thousand  feet 
or  more  below  the  surface,  immediately  above  the  rock-salt 
deposits.  The  different  grades  of  crude  potash  salts  lie  in  layers, 
one  above  the  other,  the  carnallite  stratum  being  the  thickest. 

The  potash  beds  underlie  a  large  area  around  Stassfurt  and 
the  Harz  Mountains.  The  known  deposits  of  potash  extend 
from  Hecklenburg  on  the  north  to  Thuringia  on  the  south  for  a 
distance  of  about  140  miles;  and  from  Hanover  on  the  west  to 
the  Russian  border  on  the  east,  roughly  250  miles.  In  1904 
important  deposits  of  potash  salts  were  also  discovered  in  Alsace, 
while  boring  for  oil  was  in  progress,  and  it  was  found  that  the 
beds  underlie  nearly  7  square  miles  and  range  from  6  to  30  feet 
in  thickness.  Several  shafts  have  been  sunk  here  for  mining 
the  salts.     Other  deposits  have  been  reported  in  Baden.     It  is 
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estimated  that  the  total  German  deposits  of  potash  are  sufficient 
to  supply  all  the  requirements  of  agriculture  for  several  centuries. 
In  no  other  country  have  so  extensive  and  accessible  de- 
posits of  potash  salts  been  found  as  in  Germany  It  is  stat- 
ed that  there  are  large  deposits  of  such  salts  In  Russia,  but  they 
are  too  deep  to  be  mined  profitably.  Some  low-grade  deposits 
have  also  been  found  in  Austria-Hungary,  and  one  mine  located 
near  Kalusz  in  Galicia  has  been  operated.  Recently,  deposits 
have  been  found  in  Spain  but  it  will  be  sometime  before  their 
extent  and  commercial  value  can  be  determined.  Deposits,  which 
may  prove  to  be  of  importance,  have  also  been  found  in  India. 

Growth  of  Industry. — Potash  salts  were  first  discovered  in 
Germany  in  1857  while  borings  for  rock  salt  were  being  made  at 
Stassfurt  near  the  Harz  Mountains.  The  value  of  these  salts  as 
a  fertilizer  was  discovered  in  1860,  and  the  first  factory  for  refin- 
ing crude  potash  was  erected  in  1861.  In  that  year  only  2,300 
metric  tons  of  crude  salts  were  taken  from  the  mines. 

Mining  and  Refining. — Some  of  the  crude  potash  salts 
mined  in  Germany,  especially  kainite,  containing  12%  K^O  as 
mined,  are  ground  to  powdered  form  and  used  as  a  fertilizer 
without  any  refining.  Carnallite  is  little  used  in  this  way  except 
near  the  mines,  because  it  absorbs  water  readily  and  is  too  ex- 
pensive to  transport.  It  is  the  principal  source  of  muriate  of 
potash  and  other  refined  salts.  As  mined,  carnallite  contains 
about  9%  of  actual  potash.  In  making  muriate  it  is  ground  and 
mixed  in  a  dissolving  vat  with  a  boiling  saturated  solution  of 
magnesium  chloride.  It  is  then  concentrated  until  it  shows 
32°  Be',  when  it  is  run  into  settling  vats  from  which  the  clear 
solution  is  drawn  off  into  crystallizing  vats,  cooled,  and  allowed 
to  crystallize  for  several  days.  Manufactured  muriate  of  potash 
is  usually  sold  on  the  basis  of  80%  muriate  or  50.5%  actual 
potash. 

Sulphate  of  potash  and  magnesia  or  double  manure  salt  was 
formerly  made  from  kainite,  but  now  is  made  by  mixing  muriate 
of  potash  with  a  concentrated  solution  of  kieserit,  a  raw  salt 
containing  sulphate  of  magnesia.  It  is  sold  on  the  basis  of  48% 
of  actual  potash.  Sulphate  of  potash  is  formed  from  the  double 
sulphate  of  potash  and  magnesia  by  adding  a  certain  quantity 
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of  muriate.  It  varies  from  90%  to  96%  pure  sulphate,  which 
is  equivalent  to  from  47%  to  52.7%  actual  potash.  Single  man- 
ure salt,  now  imported  in  two  grades  20%  and  30%, is  a  partly 
refined  salt  containing  muriate  of  potash.  Hartsalz  contains 
about  16%  potash  and  kainite  about  12%.  Sylvinit  is  very 
similar  to  hartsalz  and  contains  17.4%  of  potash. 

Of  the  refined  salts  muriate  of  potash  50.5%  and  sulphate  of 
potash  47%  to  52.7%  are  used  most  extensively  in  the  United 
States.  Of  the  unrefined  salts  kainite  is  most  generally  used, 
though  manure  salt  and  hartsalz  are  imported  in  considerable 
quantities.     No  sylvinit  has  been  imported  since  1912. 

Sulphate  of  potash,  muriate  of  potash,  double  manure  salt 
and  30%  manure  salt,  all  of  which  have  been  refined,  are  classed 
as  concentrated  forms  and  shipped  to  the  United  States  in  200- 
pound  bags,  whereas  20%  manure  salt,  although  partly  refined, 
hartsalz,  and  kainit,  are  classified  as  crude  salts  and  are  shipped 
in  bulk. 

The  Potash  Syndicate 

History. — Although  the  deposits  of  potash  salts  in  Germany 
were  discovered  in  1857,  and  the  first  muriate  factory  was  es- 
tablished in  1861,  it  was  not  until  about  1875  that  the  mining  of 
potash  salts  began  on  an  important  scale.  Between  that  year 
and  1879  four  mines  and  several  muriate  factories  began  opera- 
tions. Competition  among  them  became  so  severe  that  in  Feb- 
ruary, 1879,  they  entered  into  an  agreement  to  regulate  the  price 
ofcarnalitefor  five  years,  to  fix  the  maximum  quantity  of  crude 
salts  to  be  produced,  and  to  determine  the  distribution  among  the 
factories.  The  states  of  Prussia  and  Anhalt  operated  potash 
mines  and  became  members  of  this  combination.  In  the  following 
year,  1880,  the  agreement  was  extended  to  cover  manure  salts 
also.  In  1883  the  entrance  of  the  Aschersleben  Kaliwerke,  a 
powerful  independent  mine,  into  the  field ,  caused  the  dissolution 
of  the  first  agreement  and  the  formation  in  October  of  that  year 
of  another  agreement  for  four  years.  This  new  agreement  em- 
braced all  the  mines  and  factories,  and  included  the  regulation 
of  the  price  of  kainite  for  export,  and  fixed  the  quota  of  the 
five    mines    then    in    operation.       By    1888    two    more    mines 
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were  operating, and  theseven  formed,  for  10  years,  a  combination 
which  apportioned  the  output  of  the  mines  and  handled  sales 
through  a  syndicate  or  selling  company. 

Shortly  afterward  a  propaganda  bureau  and  a  statistical 
bureau  were  created  for  Germany  by  the  syndicate  and  later  on 
similar  bureaus  were  established  in  foreign  countries,  their  duties 
being  the  distribution  of  potash  literature  and  the  encouragement 
of  experimental  work  among  farmers.  By  1907  there  had  been 
41  of  these  bureaus  established  and  prior  to  the  outbreak  of  the 
European  war  in  1914,  there  were  60  in  operation. 

From  1890  to  1900  the  number  of  active  mines  increased 
to  15,  some  of  which  had  not  entered  the  syndicate,  and  in  1901 
and  1902  the  competition  between  them  and  the  syndicate  in  the 
American  market  became  so  severe  that  prices  were  cut  in  half, 
and  the  independents  were  forced  into  the  syndicate. 

The  agreement  which  come  to  an  end  on  June  30,  1901,  was 
renewed  for  three  years,  but  only  at  the  last  moment,  on  account 
of  dissensions  among  the  members  over  their  respective  quotas. 
The  agreement  which  expired  in  1904  was  renewed  with  greater 
difficulty  until  June  30,  1909. 

All  of  the  potash  mines  did  not  join  the  combination  during 
the  period  from  1904  to  1909,  and  the  syndicate  itself  had  dif- 
ficulty in  keeping  members  from  secretly  breaking  their  agreement. 
The  total  number  of  mines  increased  from  15  in  1900,  to  69  in 
1910,  and  dissensions  among  the  members  increased  accordingly. 

The  syndicate  agreement  which  expired  in  1909,  contained 
a  provision  to  the  effect  that  members  would  be  free  to  make 
independent  contracts  after  June  30,  1909,  if  arrangements  for 
renewing  the  combination  were  not  made  prior  to  that  date. 
Efforts  to  complete  such  arrangements  were  unsuccessful,  and 
on  the  night  of  June  30,  1909,  the  owner  of  a  controlling  interest 
in  two  of  the  most  important  potash  mines  entered  into  contracts 
with  an  American  agricultural  company  for  the  delivery  of  a 
large  quantity  of  potash  salts  at  much  reduced  prices.  The 
contracts  covered  a  period  of  two  years,  with  the  privilege  of 
renewal  for  five  years  more,  and  called  for  deliveries  of  not  less 
than  27,000  tons  of  potash  (K2O)  annually.  Subsequently  these 
two  mines  made  additional  contracts  with  American  buyers  at 
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the  same  prices.  Through  these  contracts  the  two  mines  secured 
control  of  about  90%  of  the  total  requirements  of  the  United 
States  for  a  period  of  seven  years.  The  prices  agreed  upon  in 
these  contracts  were  from  25  to  38%  less  than  the  syndicate 
prices,  and  also  even  less  than  the  actual  cost  of  production  of  a 
number  of  mines.  Muriate,  for  instance  cost  $15.54  and  kainite 
$1.92  per  net  ton  f.o.b.  mine  under  the  independent  contracts, 
or  $20.40  and  $5.16,  respectively,  charged  by  the  syndicate. 

It  was  asserted  that  if  the  independent  contracts  were  allow- 
ed to  go  into  effect  the  weaker  mines  would  be  forced  to  close 
and  the  investment  in  them  lost.  At  the  same  time  the  two  inde- 
pendent mines,  with  the  greatly  increased  production  and  con- 
sequent reduction  of  cost  could  operate  profitably  at  these  prices. 

Immediately  following  the  developments  of  June  30,  1909, 
negotiations  were  begun  by  the  various  mine  owners  looking  to  a 
renewal  of  the  syndicate.  A  provisional  syndicate  was  organized 
on  July  24,  which  immediately  set  about  to  obtain  a  surrender 
of  the  independent  contracts.  The  owner  was  offered  a  large 
sum  to  cancel  them,  but  he  refused  and,  as  stated  above,  entered 
into  further  contracts  with  American  buyers.  The  syndicate  then 
sought  the  aid  of  the  German  Government,  and  on  May  25,  1910, 
the  federal  law  concerning  the  sale  of  potash  went  into  effect. 
The  requirements  of  this  act  placed  such  a  burden  upon  the  Ameri- 
can buyers  that  the  independent  contracts  were  cancelled  and  the 
syndicate  was  renewed  upon  a  firmer  footing  than  was  possible 
before.  In  making  the  contracts  with  the  American  buyers, 
the  independent  sellers  of  potash  salts  had  inserted  a  clause  in 
the  contract  to  the  effect  that  the  American  buyers  should  pay 
any  governmental  charges  that  may  be  imposed.  The 
German  government  imposed  a  heavy  tax  on  all  production 
in  excess  of  their  regular  allotments.  The  quantities  of  salts 
produced  by  the  two  independent  mines  were  far  in  excess  of  their 
allotments,  so  that  they  were  subject  to  heavy  excess  payments. 
As  these  excess  taxes  had  to  be  paid  by  the  American  purchaser, 
the  cost  of  potash  salts  with  the  added  tax  was  in  excess  of  the 
syndicate  prices,  so  the  contracts  were  cancelled.  The  two 
independent  mines  were  forced  to  enter  the  syndicate,  so  that 
now  it  controls  the  entire  output  of  potash  salts  by  German  mines 
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and  fixes  prices  and  terms  of  sale  in  every  consuming  country. 
In  1914  the  life  of  the  syndicate  was  extended  to  1925. 

German  Kali  Works.~-Thc  German  Kali  Works  is  the  por- 
paganda  agency  of  the  German  potash  syndicate  in  the  United 
States.  It  IS  mcorporated  under  laws  of  the  State  of  New  York 
and  has  headquarters  in  New  York  City.  This  agency  publishes 
and  distributes  literature  concerning  the  use  and  importance 
of  potash  salts  and  the  feasibility  of  home  mixing  for  the  farmer 
It  also  co-operates  with  agricultural  colleges  and  societies  and 
with  experimental  stations  for  the  purpose  of  increasing  the 
the  consumption  of  potash  salts  in  the  United  States. 

In  addition  to  its  propaganda  work,  the  German  Kali 
Works  sells  potash  salts  directly  to  the  farmer,  and  also,  from 
time  to  time,  renders  assistance  to  manufacturers  who  get  their 
supplies  from  the  syndicate  but  have  need  in  an  emergency  of 
an  immediate  delivery.  In  like  manner  the  German  Kali  Works 
Itself  purchases  from  the  manufacturers  when  its  needs  can  be 
more  conveniently  served  by  so  doing.  Prior  to  191 1  this  agency 
also  sold  all  kinds  of  fertilizing  materials,  but  by  the  terms  of 
the  settlement  of  the  potash  controversy  the  Potash  Syndicate 
agreed  not  to  sell  any  fertilizer  in  the  United  States  except  potash 
salts  until  after  the  expiration  of  the  five  contracts  at  the  end  of 
1916. 

Owing  to  the  manner  in  which  potash  salts  are  sold  in  this 
country  by  the  German  Potash  Syndicate,  the  price  of  potash 
is  not  regulated  by  supply  and  demand  as  may  be  seen  from  the 
following  paragraph,  all  prices  as  given  are  c.i.f.  Atlantic  ports. 

The  syndicate  prices  in  January,  1910,  were  $32.98  net 
for  muriate  and  $7.03  for  kainite,  while  the  corresponding  in- 
dependent prices  at  that  time  were  $20.40  and  $5.16,  respectively 
After  the  passage  of  the  German  potash  law  of  1910  the  syndicate 
prices  were  raised  to  $35.75  per  ton  for  muriate  and  $7.50  for 
kamite,  and  the  shipments  of  potash  under  the  independent 
contracts  were  subject  to  a  heavy  excess  tax. 

With  the  setdement  of  the  potash  controversy  the  list  prices 
to  the  United  States  were  increased,  but  the  discounts  were 
graded,  so  that  for  quantities  in  excess  of  20,000  tons  of  potash 
(K,0)  they  amounted  to  15%  on  concentrated  and  15.5%  on 
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crude  salts,  bringing  the  net  prices  for  large  contracts  below  the 
net  price  in  effect  prior  to  April  30,  1911.  On  January  1,  1914, 
the  list  prices  were  again  raised,  while  the  discounts  remained 
unchanged,  so  that  the  net  prices  on  the  large  contracts  were 
$33.21  per  ton  for  muriate. 

So  bitter  was  the  controversy  of  1910  between  the  United 
States  and  Germany  and  so  great  was  the  desire  and  necessity 
to  have  an  independent  supply  of  potash,  that  the  United  States 
Government  commenced  extensive  investigation  work  in  search 
for  a  deposit  of  potash,  or  for  a  method  which  would  render 
available  the  vast  amounts  of  potash  contained  in  the  various 
sources  that  existed  on  this  continent.  Appropriations  for  this 
work  have  been  made  annually  by  the  United  States  Government 
since  1910,  and  in  August,  1916,  the  Congress  of  United  States 
voted  8175,000,  for  the  investigation  of  various  sources  of  potash 
within  the  United  States.  The  work  accomplished  so  far  by  the 
different  departments  of  the  United  States  Government  tends  to 
show  that  there  are  no  large  known  deposits  of  potash  salts  on 
this  continent  similar  to  the  Stassfurt  deposits  and  that  before 
potash  can  be  recovered  from  the  present  known  sources,  con- 
siderable difficulties  have  to  be  overcome. 

Before  discussing  the  various  sources  of  potash  on  this  con- 
tinent, a  brief  summary  of  deposits  of  jpotash  salts  in  other 
countries  is  given.  Although  reports  of  large  deposits  have 
appeared  in  the  journals  frequently,  it  may  be  safely  said  that  no 
deposits  sufficient  in  size  to  compete  with  the  Stassfurt  salts 
have  been  discovered. 


other  potash  deposits,  the  occurrence  of  which  is  known 
or  has  been  reported 

Austria. — In  1910  it  was  reported  that  potash  salts  in  quan- 
tity had  been  discovered  nearKalusz,  in  Galicia,  Austria.  No  au- 
thoritative statement  has  appeared  as  to  the  extent  of  these  deposits 
but  it  need  hardly  be  expected  that  these  deposits,  even  though 
they  be  large,  will  compete  with  the  German  potash  salts.  The 
deposits  near  Kalusz  are  of  a  somewhat  different  formation  from 
those  of  Stassfurt.     The  annual  production  of  the  largest  mine  is 
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1, ()()()  tons  of  potash  which  is  only  about  one-half  (he  consumption 
of  (iahcia  itself. 

Alsace-Lorraine. — In  1912  attention  wasdrawn  to  the  possi- 
bility of  the  existence  of  large  deposits  in  Upper  Alsace.  A  report 
dealing  with  the  mineral  production  of  Alsace-Lorraine  states 
that  in  1912  and  1913,  there  were  produced  137,243  and  350,341 
tons  of  potash  respectively. 

Potash  deposits  in  India. — According  to  a  report  of  the  Geolo- 
gical Survey  of  India  there  is  a  possibility  that  potash  deposits 
may  be  developed  at  Khewra  and  Nurpur  in  the  Punjab  salt 
range. 

Potash  deposits  in  Spain. — From  time  to  time  during  the 
past  few  years  consular  reports  have  been  made  claiming  the 
existence  of  potash  deposits  in  the  vicinity  of  Barcelona,  Spain. 
Up  to  the  present  no  potash  in  quantity  has  been  produced  from 
these  deposits  but  it  is  reported  extensive  development  work 
is  being  conducted  by  Belgian,  French,  German,  and  Spanish 
capitalists. 

Potash  deposits  in  South  America. — Statements  with  analyses, 
of  the  salts  have  appeared  concerning  the  existence  of  potash 
in  Peru  and  Chile.  A  report  of  the  occurrence  of  large  de- 
posits in  Cuba  proved  to  be  exaggerated.  At  present  little  in- 
formation is  available  concerningdeposits  which  may  exist. 

Other  Possible  Sources  of  Potash 

Potash  from  wood  ashes. — Wood  ashes  were  originally  the 
source  of  potash  until  the  discovery  of  the  Stassfurt  deposits. 
Formerly  Canadian  wood  ashes  furnished  the  best  grade  and  large 
amounts  were  marketed  in  the  United  States,  a  considerable 
tonnage  going  as  far  south  as  Virginia.  Ordinary  wood  ashes 
contain  5-10%  potash,  as  potassium  carbonate,  and  used  to  sell 
in  1900 at  $4 to  ^S  per  ton,  f.o.b.  Lake  Ontario  ports.  At  the  pres- 
ent time  due  to  the  scarcity  of  potash  salts,  ashes  are  selling  for 
about  $10  per  ton  but  it  is  impossible  to  obtain  any  large  quantity 
of  wood  ashes  in  Canada,  owing  to  the  decreased  consumption  of 
wood  for  fuel,  and  also  to    the  fact   that  what  wood  ashes  are 
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produced  on  farms  are  now  applied  directly  to  the  soil  by  the 
farmers,  who  have  realized  its  fertilizing  value. 

The  production  of  wood  ashes  has  been  carried  on  in  South 
Russia  for  some  time  but  at  present  shipments  are  stopped. 
The  shipments  formerly  amounted  to  300  tons  per  month.  In 
the  Caucasus  there  are  24  factories  producing  potash  from  the 
stems  of  sunflowers.     In  1907,  14,500  tons  were  produced. 

The  sawdust  of  the  large  saw-mills  furnishes  another  large, 
possible  source  of  potash.  Immense  quantities  of  sawdust  are 
produced  in  the  Western  mills  and  the  subject  has  been  carefully 
reviewed  by  Bradley^  and  ?  oiler. - 

The  possibility  of  recovering  potash  from  sawdust  and  mill 
waste  is  summarized  as  follows.  Is  it  more  profitable  to  burn  the 
sawdust  and  extract  the  potash  or  to  use  the  mill-waste  for  fuel, 
or  for  the  production  of  soft  wood  cellulose  from  which  it  is  pos- 
sible to  obtain  a  good  grade  of  paper  pulp,  wood  flour,  and  ethyl 
alcohol ;  or  will  the  value  of  the  extracted  potash  be  equivalent  to 
the  loss  of  charcoal,  wood  alcohol,  wood-oils  and  other  by-pro- 
ducts which  would  be  lost  in  the  gases  from  the  incinerator? 

Potash  from  Wool. — In  the  scouring  and  washing  of  wool, 
the  wash  water  obtained  contains  about  3%  of  total  solids  which 
contain  25%  potash.  The  potash  is  in  the  form  of  carbonate 
and  potash  soaps  but  the  potash  obtainable  from  this  source 
cannot  be  very  great.  The  recovery  of  potash  salts  from  wool 
was  undertaken  quite  extensively  in  France  but  the  industry-  has 
practically  been  abandoned . 

Potash  from  Fish  Water. — Fish  water  produced  in  menhaden 
factories  contains  about  S%  solids  which  averages  5%  potash  and 
16%  ammonia.  The  industry  is  not  a  large  one  and  is  confined  to 
factories  along  the  coasts.  The  estimated  recovery  from  this 
source  is  about  800  tons  of  potash  annually. 

Potash  from  Distillery  Waste. — The  Potash  Recovery  Co. 
Sausalite,  California,  has  been  organized  to  recover  potassium 
from  distillery  waste. 

Potash  from  Sugar  Residues. — In  extracting  sugar  from  cane 
or  beets,  a  large  proportion  of  the  soluble  mineral  matter  in  the 

^Metallurgical  and  Chemical  Engineering  Vol.  13,  1915  p.  841. 
^Journal  Industrial  and  Engineering  Chemistry,  Vol.  8,  1916,  p.  105. 
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the  cane  or  beet  is  extracted  with  the  sugar  juice  and,  upon 
crystalHzation  of  the  sugar,  remains  in  the  molasses  residue. 
Whether  the  molasses  is  used  for  fermentative  purposes  or  the 
sugar  recovered  by  means  of  barium,  a  final  end-product  is  obtain- 
ed containing  the  soluble  potash,  and  this  end-product  contains, 
on  an  average,  4%  solids  containing  approximately  10%  potash 
in  the  form  of  carbonate.  Taking  the  production  of  sugar  beets 
during  the  years  1913  and  1914  as  an  average,  the  total  amount  re- 
coverable would  amount  to  about  25,000  tons  of  potash.  How- 
ever, it  is  safe  to  assert  that  beet  sugar  potash  will  always  be 
insutificient  to  replace  the  potash  used  in  growing  sugar  beets. 

Potash  from  Copper  Ores. — A  large  number  of  analyses  and 
estimated  tonnages  have  been  published  showing  the  amount  of 
potash  in  copper  and  gold  ores  and  tailings  of  the  Western  States. 
The  potash  in  the  ores  and  various  tailings  average  about  5% 
K^O  but  the  potash  exists  in  the  form  of  silicate.  Before  it  is 
possible  to  consider  recovering  potash  from  such  a  source,  a 
satisfactory  method  to  treat  silicates  must  be  devised. 

Recovery  of  Potash  in  the  Cement  Industry. — The  raw  mater- 
ials used  in  the  cement  industry  contain  small  quantities  of  potash 
and  at  several  plants,  (viz.,  Riverside  Portland  Cement  Co. 
Riverside,  California;  Security  Cement  and  Lime  Co.,  at  Security, 
near  Hagerstown,  Md.;  and  the  Universal  Portland  Cement  Co., 
Duluth,  Minn.,)methods  have  been  installed  to  recover  the  potash 
from  the  flue  gases.  The  Cottrell  process  of  electrical  pre- 
cipitation is  being  used. 

At  the  Riverside  plant  the  potash  present  in  the  ordinary  raw 
material  charged  into  kilns  amounted  to  approximately  0.25% 
K2O  but  recently  a  higher  grade  raw  material  is  being  used. 
The  potash  content  in  the  final  dust  recovered  from  the  treating 
system,  contains  from  12  to  20%  K2O.  The  efficiency  of  collec- 
tion of  the  suspended  particles  averages  96%,  the  escaping  ma- 
terial being  largely  potassium  and  sodium  sulphates.  About  90% 
of  the  potash  present  in  the  raw  material  is  volatilized.  The 
amount  of  dust  collected  by  the  system  averages  90  tons  per 
24  hours  and  from  this  about  four  to  five  tons  of  final  product 
containing  20%  K2O  is  produced.     A  report  states  that  the 
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Security  Cement  and  Lime  Co.,  will  save  about  two  tons  of  potash 
daily. 

The  Cottrell  installation  at  Riverside  treats  about  one 
million  cubic  feet  of  gas  per  minute,  the  capacity  of  the  plant 
being  about  5000  bbls.  of  cement  per  day. 

It  has  been  suggested  that  in  the  cement  industry  a  large 
proportion  of  feldspar  might  be  substituted  for  clay,  and  during 
the  burning  of  cement  the  potash  would  be  volatilized.  But 
there  are  practical  obstacles  to  the  carrying  out  of  this  proposal, 
including  the  difficulty  in  many  cases  of  procuring  the  feldspar, 
the  greater  cost  of  feldspar  than  clay,  the  extra  cost  of  grinding, 
and  also  the  extra  freight,  since  abundant  supplies  of  feldspar 
are  not  likely  to  be  situated  near  cement  mills.  There  is  also 
the  installation  of  the  precipitating  or  recovery  apparatus.  In 
the  case  of  the  Riverside  Cement  Co.  installing  the  Cottrell 
system  to  recover  the  flue  dust  escaping  into  the  air,  it  was 
necessary  that  some  system  be  installed  to  recover  the  dust  be- 
cause previous  to  the  installation  damages  aggregating  large 
sums  had  been  paid  by  the  cement  company,  and  so  strong  was 
the  feeling  of  the  orange  growers  in  the  vicinity  of  the  cement 
plant  that  the  factory  was  threatened  with  an  ultimate  injunction. 

Besides  the  Cottrell  system,  bag-house  and  spraying  methods 
have  also  been  mentioned,  but,  up  to  the  present  time,  the 
Cottrell  is  the  only  successful  recovery  process.  The  cost  of 
recovering  potash  at  the  Riverside  plant  has  been  estimated 
at  34  cents  per  unit  of  potash. 

Recovery  of  Potash  from  Blast  Furnace  Gases. — From  time  to 
time  statements  have  appeared  regarding  the  enormous  loss  of 
potash  in  connection  with  the  operation  of  blast  furnaces.  An 
extensive  investigation  of  the  question  of  recovering  potash  from 
blast-furnace  gas  has  been  carefully  conducted  at  the  Bethlehem 
Steel  Works.  The  results  of  these  tests  have  been  published 
recently  by  Wysor^  from  whose  article  the  following  table  and 
summary  is  taken.  "Average  iron  ore  contains  approximately 
0.25%  K2O;  however, in  the  case  of  manganese  ores  the  potash 
usually  runs  higher.     Coke  contains  about  the  same  percentage, 


^Bulletin,  American  Institute  of  Mining  Engineers,  January,   1917 
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while  certain  samples  of  limestone  contain  more.  The  following 
table  shows  the  behaviour  of  potash  in  the  operation  of  the  blast 
furnace  and  in  the  following  paragraphs  is  given  a  summary 
of  the  possibility  of  recov^ering  potash  from  blast-furnace  gases- 


Potash  in 

pounds 

per  ton 

pig  iron  of 

produced 


Percent 
of  total 
charge 


Total  charged 

Lost  in  slag 

Lost  in  fume,  etc.,  from  iron  and  cinder  notches,  and  shell 
(est.  10  %  of  slag  loss) 

Lost  in  gases  from  top  of  furnace  (est.  5  %  total  of  gas 
losses) 

Lost  by  combination  with  brickwork  of  furnace,  stoves, 
etc 

Recovered  in  dust-catcher  dust 

Lost  in  primary  washers  (est.  by  difference) 

Lost  in  secondary  washers 

Recovered  in  stove  and  boiler  passes 

Wastage  from  mains,  stoves  (est.  30  %  of  quantity  re- 
covered)   

Lost  in  stack  gases 

Total 


20.0 
2.0 
3.9 


ible 


2.7 

55.9 

2.2 

1.3 

0.4 
11.2 


100.0 


In  the  present  gas-cleaning  practice  it  appears  that  there  is 
a  loss  in  the  primary  washers  alone  of  over  one  half  of  the  total 
potash  charged,  or  about  12  lb.  per  ton  of  pig  iron  produced, 
though,  as  mentioned  later,  this  amount  is  probably  a  little  high. 
The  amount  recovered,  while  appreciable,  and  representing  almost 
clear  profit,  is  seen  to  be  an  insignificant  part  of  the  total — less  than 
2%.  Potash  lost  in  the  slag,  around  the  shell,  and  from  the  top 
of  the  furnace,  for  all  practicnl  purposes,  is  lost  beyond  recovery. 
The  greater  part  of  the  alkali  content  of  the  flue  dust  removed 
from  the  dust  catchers  could  be  recovered  by  leaching  in  water, 
but  the  percentage  is  too  low  to  justify  reclamation  in  this  way. 
However,  the  potash  now  lost  in  wet  washers  and  from  stove  and 
boiler-house  stacks  ofifers  a  legitimate  and  inviting  field  for  its 
recovery.  According  to  the  balance  sheet,  it  appears  that  about 
two-thirds  of  the  total  potash  charged  is  now  lost  in  the    wash 
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water  and  stack  gases,  or  about  15  pound  per  ton  of  pig  iron 
produced.  , 

At  intervals  during  the  course  of  the  last  year  or  more,  an 
experimental  Cottrell  electric  dust  precipitator  has  been  in  op- 
eration, being  connected  to  the  raw  gas-main  leaving  one  of  the 
dust  catchers.  It  is  stated  that  practically  all  the  dust  and 
fumes  entering  the  treater  could  be  precipitated  successfully. 
The  colour  of  the  dust  recovered  varied  from  a  light  to  a  dark 
gray.  Several  samples  were  analyzed  and  showed  a  potash 
content  of  about  10%.  The  total  dust  leaving  the  dust-catcher  is 
evidently  very  much  richer  in  potash  than  the  relatively  heavy 
particles  constituting  the  dust  in  the  dust  catchers. 

It  may  be  mentioned  that  by  weak  acid  treatment  part 
of  the  insoluble  potash  content  in  flue  dust  may  be  rendered 
water-soluble  though  this  is  not  likely  to  be  of  practical  applica- 
tion. Also,  the  soluble  alkali  salts  can  be  recovered  in  tolerably 
pure  form  by  leaching  and  evaporation. 

Potash  from  Alunite. — Large  deposits  of  alunite,  a  hydrated 
sulphate  of  potash  and  alumina,  occur  near  Marysville  in  the  State 
of  Utah,  while  smaller  deposits  are  found  in  Nevada,  and  on 
Vancouver  Island,  British  Columbia.  The  alunite  of  Nevada  and 
Vancouver  Island  contains  considerably  more  silica  and  less 
potash  than  the  deposits  of  Utah  which  average  10%  K2O.  De- 
posits of  alunite  also  occur  in  Italy,  Spain,  Australia,  and  Japan. 
The  Italian  deposits  have  long  been  worked  for  the  production 
of  Roman  alum.  The  deposits  of  Spain  have  also  been  worked 
on  a  small  scale  to  produce  potassium  sulphate. 

At  present  there  are  tvvo  companies  operating  in  Utah  to 
recover  potash  from  alunite.  The  Mineral  Products  Corporation 
in  which  the  Armour  Fertilizer  Co.  and  the  United  States  Smelt- 
ing and  Refining  Co.  are  interested, and  the  Utah  Potash  Company. 
The  first  carload  of  high-grade  potassium  sulphate  (95%  pure) 
was  shipped  by  the  Mineral  Products  Corporation,  on  October 
20,  1915,  and  although  the  capacity  of  the  plant  is  rated  at 
25-30  tons  of  potassium  sulphate  per  day,  no  figures  showing  the 
actual  production  have  yet  been  made  public,  the  only  statement 
being  that  the  output  of  the  plant  has  been  contracted  for. 

Recovering  potash   from  alunite  appears  simple,    but  no 
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doubt  there  are  certain  difficulties  in  connection  with  the  process. 
To  obtain  a  thorough  decomposition  of  the  mineral  and  a  high 
extraction  of  potassium  sulphate  has  presumably  presented  some 
difficulties. 

Besides  any  operating  difficulties  to  recover  the  potassium 
sulphate,  some  means  have  to  be  provided  to  prevent  the  oxides 
of  sulphur  from  escaping  into  the  air  since  the  alunite  deposits 
are  located  in  a  forest  reserve,  and  there  is  practically  no  market 
for  sulphuric  acid  in  this  locality. 

A  patent  has  been  granted  to  Charles  H.  MacDowell,  vice- 
president  of  the  Mineral  Products  Corporation,  to  volatilize  the 
the  potassium  sulphate  by  heating  the  roasted  alunite  with  carbon 
to  temperatures  of  about  800°C.  The  process  used  by  the  Utah 
Potash  Company  consists  in  mixing  lime  with  ground  alunite 
before  roasting.  The  sulphur  dioxide  produced  during  roasting 
combines  with  the  lime  forming  calcium  sulphate. 

It  has  been  stated  that  the  recovery  of  alumina  from  alunite 
should  be  a  source  of  considerable  revenue,  but  up  to  the  present 
no  large  amounts  of  alumina,  if  any,  have  been  sold  for  the  pro- 
duction of  aluminum.  In  the  aluminum  industry  the  require- 
ments call  for  a  raw  material  containing  only  1%  impurities 
divided  between  SiOz,  FczOj,  TiOz,  NazO,  and  H;20.  The  alumina 
by-product  would  be  sold  to  replace  the  present  raw  material, 
bauxite,  a  hydrated  aluminum  oxide.  The  average  price  of 
bauxite'  in  1910  was  $4.89  per  ton.  Since  one  ton  of  alunite 
contains  740  lb.  of  alumina  and  most  likely  some  sulphate,  at  the 
figure  for  1910,  it  would  be  worth  not  more  than  $3.00.  That 
there  is  some  difficulty  in  finding  a  market  for  the  alumina  may  be 
gathered  from  a  recent  report  of  the  company  which  states  that 
research  work  is  being  conducted  to  produce  a  highly  refractory 
material  from  one  of  the  by-products  of  the  process.  This  by- 
product is  most  likely  alumina. 

From  an  economic  standpoint  it  would  seem  more  practical 
to  use  the  ignited  alunite  directly  as  a  fertilizer  since  the  expense 
of  separating  the  soluble  salts  from  the  alumina  would  probably 
be  more  than  the  value  of  the  alumina  obtained,  but  as  California 


'Bauxite  contains  when  pure  73.9%  AI2O3  and  26.1%  water. 
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is  the  nearest  and  largest  market  for  fertilizers,  there  would  still 
be  a  long  rail  haul  to  dispose  of  the  product. 

Potash  from  Kelp. — Among  the  considerable  number  of  sea 
algae  on  the  Pacific  coast  occur  four  species  which  are  peculiar  to 
that  coast  and  which  have  the  power  of  absorbing  from  the  sea  water 
exceptionally  large  quantities  of  potassium.  Of  these  four  algae 
or  giant  kelps,  as  they  are  known  locally,  Macrocystis  pyifera 
is  the  most  important.  The  kelp  beds  along  the  Pacific  coast 
aggregate  400  square  miles  or  more  in  area,  the  largest  areas 
being  along  the  coasts  of  Southern  California  and  Southeastern 
Alaska.  The  average  length  of  the  full-grown  plant  is  about  100 
feet.  Beds  of  kelp  also  occur  along  the  coasts  of  British  Columbia, 
the  Philippine  Islands,  Ireland,  Scotland,  and  Japan.  Green 
kelp  as  harvested  contains  approximately  85%  water  and  1.75% 
potassium  oxide,  also  small  amounts  of  nitrogen  and  phosphoric 
acid. 

Three  or  four  companies  have  already  been  formed  to  produce 
potash  from  kelp  but  up  to  the  present  no  potash  of  importance 
has  been  marketed.  Some  companies  merely  dry  and  crush  the 
kelp  and  sell  it  directly  as  fertilizer. 

The  question  of  harx^esting  and  drying  green  kelp  has  pre- 
sented many  difficulties.  It  is  stated  that  the  kelp  beds  may  be 
cut  twice  a  year  but  in  order  to  produce  one  ton  of  potassium 
chloridcj,  50%  K,0,  fifty  to  seventy  tons  of  green  kelp  would  have 
to  be  harvested.  The  cost  of  harvesting  green  kelp  has  been 
given  as  20  cents  per  ton.  No  reliable  costs  have  been  published 
showing  the  cost  of  drying  green  kelp.  Air  dr>'ing  cannot  be 
practised  in  the  vicinity  of  the  kelp  beds  on  account  of  climatic 
conditions  and  the  large  areas  required,  so  it  is  necessary  to 
employ  artificial  means.  Revolving  furnaces  seem  to  be  favoured 
for  the  reason  that  the  kelp  must  be  constantly  turned  or  a 
thorough  drying  is  not  obtained.  An  attempt  was  made  to 
remove  the  excess  water  by  filtration  but  this  was  not  success- 
ful because  the  fibreless  character  of  the  organic  matter  clogs 
the  filters.  A  British  patent  covers  a  process  to  destroy  the 
pulpy  character  of  the  pulp  by  heating  it  to  170°C.  This  process 
does  not  appear  to  be  practicable.  Some  advocates  of  the  potash- 
from-kelp  industry'  claim  that  iodine  could  be  recovered  as  a 
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by-product, hut  it  uiust  hv  remembered  that  the  present  consump- 
tion of  iodine  is  only  about  one-tenth  the  possil^le  production  of 
Chile.  Japan  also  exports  iodine.  Up  to  1885,  Japan  imported 
potash  and  iodine;  since  then  she  has  extracted  them  from  kelp 
and  at  present  sends  potash  to  Europe  and  iodine  valued  at 
$500,000  annually  to  the  United  States. 

It  may  be  of  interest  to  note  that  the  kelp  industry  once 
flourished  in  Scotland  and  was  intimately  connected  with  that 
of  glass.  It  is  stated  theCeltic  vitrified  forts,  which  have  puzzled 
archaeologists,  were  built  in  this  way.  Ramparts  of  sand  were 
covered  with  dary  seaweed  and  the  seaweed  set  on  fire.  On  the 
vitrified  layer  thus  formed,  more  sand  was  piled  and  the  operation 
repeated  until  a  vitreous  mass  of  considerable  height  and  hard- 
ness was  obtained.  One  of  these  forts  may  be  seen  not  far  from 
Connell  Ferry  in  Argyllshire.  In  other  cases  the  seaweed, 
dried  as  much  as  the  climate  would  permit,  was  burnt  in  the  open 
and  the  charcoal  leached;  considerable  loss  of  salts  resulted. 
As  early  as  1767,  Delaval  (Pat.  870)  proposed  burning  the  wet 
weed  in  reverberatory  kilns  by  the  aid  of  coal  or  wood.  There 
were  also  one  or  two  patents  modelled  on  Le  Blanc's  soda  process. 
In  1861  (Eng.Pat.  1411)  in  place  of  burning  seaweed  in  the  open, 
Stanford  dried  and  pressed  it  into  cakes,  and  destructively 
distilled  it.  The  charcoal  was  withdrawn  into  closely-covered 
iron  boxes  to  cool,  leached  and  treated  as  usual  for  potash  and 
iodides.  The  distillate  gave  gas  and  a  tar  licjuid  which  yielded 
ammonia  and  other  chemicals. 

Gignon  and  Cagnage  (Eng.  Pat.  2741,  1865)  proposed  to 
disintegrate  and  press  the  kelp'^  preferably  while  wet,  to  extract 
the  salts  and  nitrogenous  organic  matter.  They  steeped  the 
residual  pulp  in  a  solution  of  sodium  carbonate,  and  again  pressed 
it  to  remove  the  greater  part  of  the  lye,  which  they  used  for  the 
manufacture  of  paper. 

After  this  potash  became  of  secondary  importance  and 
iodides  primarily  were  sought.  In  1881  (Eng.  Pat.  142)  Stanford 
leached  the  kelp  with  hot  or  cold,  water,  evaporated  the  liquor,  and 
carbonized  the  extract  for  potash  and  iodine.  The  residual 
pulp  after  being  boiled  with  alkali  gave  algin,  which  had  only  a 

^Cresswell,  Journal,  Society  of  Chemical  Industry  Vol.  XXXIV,  1915, 
p.  389. 
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moderate  success.  Soon  afterwards  even  the  iodine  ceased  to  be 
profitable  and  the  works  were  at  last  closed. 

Recently  the  Board  of  Agriculture  of  Scotland,  29  St.  Andrew 
Square,  Edinburgh,  has  been  taking  steps  to  increase  the  output 
of  kelp. 

Boberg  and  Testrup  (Eng.  Pat.  1766,  1914),  mince  and  pulp 
kelp,  and  heat  in  closed  vessels  to  170°  C.  for  20  minutes.  The 
mass  now  yields  a  firm  press  cake.  The  liquor  contains  70% 
of  the  original  alkali  salts,  90%  of  the  iodine,  33%  of  the  nitrogen, 
and  10%  of  the  organic  matter. 

The  Canadian  Potash  and  Algin  Co.  Limited,  has  established 
a  plant  at  Sydney,  British  Columbia.  This  company  proposes 
to  extract  potash  from  kelp  and  to  recover  iodine  and  algin  as 
by-products.     The  chief  use  of  algin  is  in  the  sizing  of  fabrics. 

The  kelp  beds  along  the  Pacific  coast  all  lie  within  the  one 
marine  league  limit,  hence  control  of  them  is  vested  in  the  States 
and  not  in  the  Federal  Government  and  there  does  not  appear  to 
be  any  State  law  applicable.  Capital  fears  competition,  and 
competition,  even  to  the  harvesting  of  the  same  bed  by  rival 
interests,  is  quite  possible  now,  legally  as  well  as  physically. 
This  has  been,  and  is  yet,  the  principal  difficulty  in  the  develop- 
ment of  a  potash-from-kelp  industry. 

It  is  also  to  be  noted  that  the  market  for  potash  is  chiefly 
along  the  Atlantic  Coast  and  the  freight  on  potash  salts  from 
California  to  Atlantic  ports  would  be  about  $2  per  ton — about 
the  same  as  the  freight  from  Hamburg  to  Atlantic  ports. 

RECOVERY  OF   POTASH  FROM   SALT  BEDS  AND  BRINES 

Potash  bearing  salt  beds  occur  in  California  and  Texas; 
while  the  most  promising  brine  lakes  found  are  in  Nebraska  and 
Oregon. 

Of  the  known  salt  beds  the  desert  basins  of  Searles  Lake, 
California,  appear  to  be  the  most  valuable.  The  salt  beds  con- 
tain brine  solutions  which  contain  a  mixture  of  potassium  and 
sodium  sulphates,  carbonates,  chlorides,  and  borates.  The 
brine  solutions  contain  approximately  30%  solids  of  which  about 
5%  is  potassium  chloride.     The  exposed  surface  area  of  Searles 
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Lake  is  about  11  or  12  square  miles  and  has  an  average  depth  of 
60  feet.  In  order  to  obtain  a  ton  of  potash,  about  100  tons  of 
brine  and  salts  will  have  to  be  treated  and  from  the  treatment  a 
little  more  than  one  ton  of  anhydrous  borax  will  be  produced. 

Already  three  companies,  the  California  Trona  Co.,  The 
American  Trona  Co.,  and  the  Foreign  Mines  Development  Co., 
have  erected  plants  to  recover  the  potash  salts  from  the  brines  of 
Searles  Lake.  The  three  companies  mentioned  are  said  to  be 
closely  associated  with  one  another  and  with  the  Consolidated 
Gold  Fields  Co.,  of  South  Africa.  The  American  Trona  Co.  has 
erected  two  plants,  one  at  Searles  Lake  or  Trona,  as  the  place 
is  now  called,  and  the  other  at  San  Pedro,  near  Los  Angeles. 
The  plant  at  Trona  will  produce  the  concentrated  salts  which  are 
to  be  refined  at  the  San  Pedro  plant.  The  American  Trona  Co., 
had  invested  up  to  December,  1915,  approximately  $2,000,000, 
a  large  part  of  which  was  used  to  construct  a  railway  30  miles 
long. 

Potash  in  Texas. — Considerable  drilling  and  exploration 
work  in  search  of  potash  has  been  done  in  Dickens,  Potter,  and 
Randall  counties,  Texas.  The  potash  bearing  material  found 
is  solid  and  not  a  brine.  Drilling  to  depths  of  2000  feet  has  been 
done;  and  samples  taken  from  depths  varying  from  800  to  1700 
feet  show  potash  to  be  present  in  quantities  from  0.31  to  10.5%. 
A  potash  content  of  less  than  1%  seems  to  represent  the  average 
content  of  the  main  salt  beds  of  this  region. 

Owen's  Lake,  California. — Owen's  lake  is  a  large  shallow  body 
of  water  having  an  area  of  97  square  miles  and  a  maximum  depth 
of  30  feet.  The  water  which  is  a  dense  brine  contains  common 
salt,  soda,  borax,  and  other  chlorides  in  solution.  The  lake  has 
no  outlet  and  the  volume  of  water  in  it  depends  upon  the  balance 
between  the  evaporation  and  inflow.  The  brine  contains  about 
8%  of  solids  of  which  4%  is  potassium  chloride.  Crude  carbonate 
of  soda  has  been  recovered  from  the  brines  of  Owen's  lake  for  the 
past  30  years  by  the  Inyo  Development  Co.  This  company 
produced  about  a  carload  of  potash  salts  in  1915  and  is  planning 
to  enlarge  the  plant  to  recover  the  potash  salts  in  quantity. 

Great  Salt  Lake,  Utah. — The  Utah  Chemical  Co.  has  erected 
an  experimental  plant  on  the  shores  of  Great  Salt  lake  for  ex- 
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tracting  potash  salts  from  the  bitterns  obtained  as  a  by-product 
in  the  manufacture  of  salt  by  the  Inland  Crystal  Salt  Co.  The 
company  expected  to  produce  some  potash  salts  during  1916, 
but  up  to  the  present  no  large  quantities  have  been  shipped. 

Potash  salts  from  Nebraska  Lakes. — There  are  many  alkaline 
lakes  in  the  Sand  Hills  region  of  Nebraska,  the  main  one  being 
Jesse  lake  situated  in  the  extreme  western  part  of  the  district. 
The  water  of  these  lakes  is  retained  by  an  impervious  layer  of 
hard-pan  ormud.  The  large  deep  bodies  of  water  are  only  slight- 
ly alkaline,  but  some  of  the  smaller  ones  are  comparatively  rich 
in  salts.  A  large  number  of  samples  of  muds,  brines,  and  saline 
crusts  of  these  alkaline  lakes  were  taken  and  analyzed  by  the 
United  States  Geological  Survey  in  1914.  The  potash  content 
of  the  various  samples  were  found  to  vary  greatly. 

Of  about  125  different  samples  taken,  87  contained  less  than 
2%  potash,  seven  contained  between  2  and  3%  while  the  re- 
mainder showed  larger  quantities.  Analysis  showed  the  mud  to 
contain  an  average  of  4.69%  of  soluble  salts  containing  19.86% 
K2O.  The  analysis  of  the  brine  samples  showed  an  average  of 
7.69%  of  dissolved  salts  containing  24.9%  K2O.  The  saline 
residues  around  the  lakes  contained  on  an  average  19.5%  soluble 
salts  of  which  14.7%  was  potash. 

A  small  plant  has  been  erected  to  recover  the  potash  from 
the  waters  of  Jesse  lake.  No  attempt  has  been  made  to  separate 
the  pure  potash  salts,  the  final  products  shipped  being  crystals 
containing  30  to  40%  brine,  and  brine  solutions.  Owing  to  the 
small  area  of  the  alkaline  lakes,  no  great  amount  of  potash  salts 
will  be  produced  from  this  source. 

Saline  Lakes  or  Deposits  oj  Oregon. — Alkali  lakes  in  South- 
ern Oregon  were  examined  by  a  member  of  the  staff  of 
the  United  States  Geological  Survey,  but  the  results  of  the 
examination  were  not  very  encouraging.  A  sample  of  brine 
from  Little  Alkali,  which  is  probably  the  largest  body  of  water, 
contained  10.6%  of  dissolved  solids  of  which  only  6%  was 
potassium  chloride. 

An  examination  was  also  made  on  the  brines  of  Albert  and 
Summer  lakes,  Oregon,  but  the  analyses  did  not  show  the  waters 
to  contain  any  more  potash  than  that  present  in  sea  water.     It  is 
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reported  that  the  OreRo,,   State   land  board   granted   a  lease  of 
three  lakes  for  40  years,  the  lessee  agreeing  to  pay  a  royalty  o 
M  per  ton  on  all  soda  and  potash  taken  fron,  the  lake,  and  50 
cents  per  ton  on  common  table-salt.     Transportation  is  difficult 
smce  the  nearest  railroad  is  40  miles  from  the  lakes. 

Salduy»  Salt  ManK    Utah.-^A  number    of    shallow  holes 
were  bored  through  the  hard  surface  salt  crust  that  forms  the  floor 
of  th,s  basu,  and  mto  the  underlying  mud.     Analyses  of  sampte 
taken  from  these  borings  show  that  the  surface  sa't  is  compara 
fvely  pure  sod.um  chloride  containing  little  potassium 

2  ^  tl  4'.sTl- 0 '"'p' '^°"'  ''  *°  '^%  °f  ^"'"ble  salts  analyzing 
i.2  to  4.5%  K,0.     Brme  was  found  both  in  the  salt  crust  and 

l^rlZ^:^T  """'  '"'  "'^  '""'''"'  P"-'^  th:'brirto  be 

salts  of  which  .'T?  ?r'"^  ''•'^"  ^"'^   26-8%  of  dissolved 
salts,  of  which  3.5  to  5%  was  potash  expressed  as  K,0 

The  region  around  the  Virgin   River  salt  deposits,  Nevada 
was  also  examined  but  no  definite  deposits  of  potash  were  found 

The  Railroad  Valley  Company  has  spent  large  sums  of 
money   prospecting   for   potash    in    Railroad   Valley,    Nevlda 
After  extensive  and  earnest  work  this  company  is  reported  to 
have  given  up  its  search  for  potash.  reported  to 

POTASH   FROM   SILICATE    ROCKS 

Before  referring  to  the  silicate  rocks  as  a  source  of  potash 
roetilX n.*'"'  '"""'"'  ^^  '°""°''"°"  "'  '"^  ™™-  ^"'^^ 


Formula  and  Composition  op  Potash  Minerals  Composition  (Percent) 
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Sericite — A  variety  of  muscovite  or  common  mica. 

Glauconite — Essentially  a  hydrous  silicate  of  iron  and 
potassium. 

Greensand — A  mixture  of  glauconite,  potassium  and  cal- 
cium phosphate,  as  well  as  calcium  carbonate.  The  average 
potash  content  varies  from  4-5%.  The  greensand  bearing 
formation  extends  across  sections  of  New  Jersey,  Delaware,  and 
Maryland. 

Potash  from  Leucite. — The  mineral  leucite  occurs  in  large 
quantities  in  the  State  of  Wyoming,  and  also  in  Europe.  The 
mineral  resembles  orthoclase  in  composition  but  is  more  readily 
decomposed.  When  ground  leucite  is  treated  with  sulphuric 
and  hydrochloric  acids  complete  solution  of  the  bases  result. 
It  was  thought  that  this  process  might  prove  a  simple  solution 
of  the  problem  of  recovering  potash  but  it  was  found  the  resulting 
sulphates  were  about  as  hard  to  separate  as  the  constituents  of 
the  original  rock.  Other  wet  methods  were  also  tried  such  as 
treating  the  leucite  rock  with  caustic  lime  under  pressure,  also 
using  caustic  soda  and  salt  with  the  idea  that  the  sodium  might 
replace  the  potassium  more  effectively  than  lime.  The  results 
of  these  tests,  however,  were  not  encouraging. 

Another  method  was  to  treat  the  mineral  with  sulphur  dioxide 
gas  at  a  temperature  of  1,200°C.  The  Hargraves  process,  which 
is  used  for  making  sodium  sulphate  from  common  salt  by  passing 
steam  and  sulphur  dioxide  over  it  at  a  temperature  of  about 
500°C.,  was  also  employed.  The  results  from  these  tests  were 
likewise  not  encouraging  and  for  the  time  being  experiments  by 
wet  methods  have  been  discontinued. 

Attempts  to  decompose  leucite  by  dry  methods  have  also 
been  tried  but  without  success.  The  following  methods  may  be 
mentioned  as  summarizing  the  work  done.  Mixtures  of  leucite, 
lime,  and  gypsum  were  heated  and  the  potash  extracted  in  the 
form  of  sulphate.  Attempts  to  volatilize  the  potash  were  also 
unsuccessful  since  the  degree  of  volatilization  could  not  be 
regulated.  The  Cowles  process  devised  to  extract  alumina  from 
clay,  was  also  tried.  In  this  process,  a  mixture  of  salt  and  clay 
is  compressed  into  briquettes  and  heated,  whereby  hydrochloric 
acid  is  evolved  and   the  alkali-silico-aluminate  formed.     This 
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compound  is  then  decomposed  by  heating  with  limestone  to  form 
lime  silicate,  a  soluble  alkali  aluminate  being  left.  Briquettes 
were  made  and  heated  in  the  Cowles  furnace  but  very  unsatis- 
factory results  were  obtained.  Succhell  proposed  heating  leucite 
with  potassium  sulphate  and  calcium  carbonate,  in  the  propor- 
tions of  4:4:2.  After  the  treatment  the  potash  is  present  as  a 
soluble  silicate,  the  lime  being  changed  to  calcium  sulphate. 

Potash  from  Wyomingite.—Wyormngite,  a  lava  occuring 
extensively  in  the  Leucite  Hills,  in  Sweetwater  County,  Wyoming, 
is  composed  largely  of  the  mineral  leucite.  The  composition  of 
wyomingite  has  been  given  as  follows:  Uncombined  silica, 
22.5%;  leucite  35.7%;  phlogopite,  22.3%;  diopside  10.7%;  and 
accessory  minerals  8.8%,  An  analysis  of  a  sample  of  wyomingite 
showed  11.1%  potash. 

Various  laboratory  methods  have  been  tried  to  recover  the 
potash  from  wyomingite  but  no  satisfactory  method  has  been 
devised.  The  methods  tried  consisted  in  treating  the  mineral 
with  the  following  reagents:  gypsum  and  sodium  chloride,  sul- 
phuric acid,  potassium  bisulphate,  roasting  with  alunite  (a 
hydrated  sulphate  of  potash  and  alumina),  heating  with  calcium 
carbonate,  heating  with  calcium  chloride,  heating  with  mag- 
nesium chloride,  heating  with  a  bittern  residue  (containing  so- 
dium and  magnesium  chloride),  and  heating  with  ammonium 
sulphate.  The  tests  made  using  alunite  and  calcium  chloride 
gave  the  best  results,  the  extraction  depending  on  the  amount  of 
the  reacting  substances  present.  In  the  case  of  the  treatment 
with  alunite  the  best  extraction  of  the  potash  of  wyomingite  was 
55%,  while  by  the  treatment  with  calcium  chloride  an  extraction 
of  73%  was  obtained. 

Use  of  Phonolite  as  a  Source  of  Potash. — Phonolite  is  a  vol- 
canic eruptive  rock  composed  of  sanidine,  a  variety  of  orthocalse ; 
nephelite,  a  potash  soda  silicate;  and  hornblende.  Various  at- 
tempts have  been  made  in  Europe,  especially  in  Germany,  to  use 
ground  phonolite  as  a  fertilizer.  The  results  obtained  show 
phonolite  to  possess  a  fertilizing  value  but  the  effect  is  consider- 
ably less  than  that  produced  by  the  Stassfurt  potash  salts. 

Potash  from  Feldspar. — As  a  source  of  potash  on  this  con- 
tinent, the  mineral  feldspar  offers  many  possibilities.    It  contains 
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when  pure  16.99c  K2O,  18%  alumina,  and  65%  silica,  but  the 
potash  is  so  combined  with  the  alumina  and  silica  that  it  resists 
decomposition  by  any  of  the  common  acids  or  any  simple  treat- 
ment. Although  eixperimental  work  has  been  conducted  on  the 
recover^'  of  potash  from  feldspar  for  70  years  or  more,  at  the 
present  time  there  is  no  satisfactory  process  in  operation.  Owing 
to  its  insolubility  in  the  common  acids  and  its  slow  decomposi- 
tion in  the  soil,  feldspar,  even  when  finely  ground,  is  of  practically 
no  value  as  a  fertilizer.  If  the  potash  in  feldspar  is  to  be  of  any 
value  it  must  be  changed  into  a  soluble  or  available  form. 

Different  methods  have  been  proposed  to  decompose  feldspar 
and  recover  the  potash.  These  may  be  classified  into  three 
groups:  First,  those  methods  relying  on  natural  agencies  to  de- 
compose feldspar;  second,  wet  chemical  methods;  third,  dry 
reaction  processes  by  which  the  potash  is  rendered  soluble  or 
available. 

There  have  been  no  practical  methods  worked  out  to  decom- 
pose feldspar  by  natural  agencies  or  by  wet  chemical  methods, 
the  reasons  being,  either  the  time  of  treatment  is  too  long  or  the 
extent  of  the  decomposition  was  too  low  for  the  consumption  and 
cost  of  chemicals  employed. 

It  seems,  however,  as  if  some  success  has  been  attained  in 
decomposing  feldspar  at  high  temperatures  with  the  addition  of 
chemicals.  Most  of  these  methods  are  based  on  the  J.  Lawrence 
Smith  analytical  method  of  determining  alkalies  in  silicate  rocks. 
In  the  analytical  method  of  determining  alkalies,  feldspar, 
calcium  carbonate,  and  ammonium  chloride  are  mixed  in  the  pro- 
portions of  1:6:1,  and  mixture  heated  at  a  low  red  heat.  The 
alkalies,  potash  and  soda,  are  changed  to  chlorides  which  are 
soluble  in  water.  In  the  practical  application  of  this  analytical 
process,  calcium  chloride  is  substituted  for  the  expensive  ammon- 
ium chloride.  In  this  connection  two  processes,  using  lime  or 
limestone  and  calcium  chloride  may  be  mentioned,  viz.,  the 
Cushman  and  Coggeshall,  and  the  Brown  processes.  In  the 
process  of  Cushman  and  CoggeshalP,  finely  ground   feldspar  is 


^Original  communications,  Eighth  International  Congress  of  Applied 
Chemistry,  vol.  5,  pp.  33-49,  1912. 

^Original  communications,  Eighth  International  Congress  of  Applied 
Chemistry,  vol.  15,  p.  222,  1912. 
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mixed  with  20%  each  of  Hme  and  calcium  chloride,  the  mixture 
heated  to  approximately  1050°C.  at  which  temperature  the 
chlorideof  the  calcium  chloride  reacts  with  alkalies  giving  sodium 
and  potassium  chlorides  which  are  separated  from  the  calcium- 
aluminium  silicates  by  leaching  with  water.  In  this  process  the 
temperature  is  not  sufficient  to  fuse  the  mixture. 

In  the  Brown  process  which  was  to  be  operated  at  Buffalo 
N.Y.,  feldspar  was  mixed  with  lime  or  limestone,  calcium  chloride, 
and  coke,  and  the  mixture  melted  in  a  blast  furnace.  The 
potassium  and  sodium  chlorides  formed,  being  volatile  at  the 
temperature  of  the  furnace,  are  collected  by  spraying  the  gases 
with  water  or  by  dry  methods.  In  case  of  spraying  methods, 
a  solution  of  the  chlorides  is  formed  and  this  solution  has  to  be. 
evaporated  to  recover  the  potash  salts.  It  is  proposed  to  grind 
the  melted  slag  formed  which  contains  calcium  and  aluminum 
silicates  and  use  it  for  Portland  cement.  The  proportions  of 
chemicals  used  are  regulated  to  produce  a  cement  or  slag  con- 
taining 55%  lime. 

In  summarizing  these  two  methods  it  might  first  be  mention- 
ed the  first  process  is  subject  to  a  high  initial  cost  in  grinding 
and  mixing  the  raw  materials  and  second,  both  processes  use 
the  same  by-product,  calcium  chloride.  This  chemical  will 
certainly  advance  in  price  if  an  extended  market  is  opened. 
In  a  number  of  experiments  conducted  to  test  these  processes,  it 
was  found  that  in  order  to  obtain  a  satisfactory  decomposition  of 
the  feldspar,  considerably  larger  proportions  of  calcium  chloride 
were  necessary  than  the  amounts  necessary  to  combine  with  the 
alkalies.  The  use  of  a  larger  amount  than  the  theoretical  may 
be  expected  but  when  operating  on  a  large  scale  the  consumption 
of  calcium  chloride  may  be  reduced.  It  is  interesting  to  note 
that  an  experimental  plant  has  been  erected  to  test  the  Cush- 
man  and  Coggeshall  process  and  it  is  hoped  the  experiments 
will  be  successful. 

In  considering  the  Brown  process  it  is  certain  that  consider- 
able difficulty  will  be  encountered  in  recovering  the  potassium 
chloride  in  the  furnace  gases.  The  present  spraying  towers  used 
in  connection  with  blast-furnaces  do  not  recover  all  the  soluble 
potash  salts  passed  through  them.  To  recover  potassium  chloride 
from  furnace  gases  some  modification  of  the  present  system  of 
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treating  gases  will  have  to  be  devised.  There  is  certain  to  be 
some  difficulty  in  introducing  the  new  slag  product  for  cement, 
as  competition  with  the  present  cement  manufacturers  will  have 
to  be  overcome.  The  preparation  of  tile  and  paving  brick 
has  been  also  suggested  as  a  possible  use  for  the  slag. 

THE  DRURY  PROCESS 

After  spending  a  number  of  years  studying  the  potash-from- 
feldspar  problem  the  waiter  concluded  that  it  did  not  appear' 
practicable  to  extract  potash  from  feldspar  in  water-soluble 
form  and  produce  a  high-grade  potash  salt.  Also  that  the 
marketing  of  by-products  from  any  treatment  was  an  uncertain 
problem  due  either  to  limited  markets  or  to  entering  an  already 
well-established  field.  With  these  conclusions  in  mind,  the 
following  process  was  devised  and  which  appears  to  possess 
certain  advantages.  In  the  Drury  process,  crushed  feldspar, 
limestone,  iron  ore,  and  coke  are  charged  into  a  blast-furnace. 
The  mixture  melts  and  is  tapped  from  the  furnace  as  a  slag  which, 
when  ground,  is  suitable  for  fertilizing  purposes.  The  potash, 
though  not  water-soluble,  is  set  free  by  very  dilute  acids,  even 
by  the  strength  of  the  acids  in  the  soil.  Agricultural  chemists 
are  agreed  that  any  material  which  is  soluble  in  a  2%  citric  acid 
solution  is  available  as  a  plant  food.  The  feldspar  fertilizer 
material  made  by  the  Drury  process  and  which  consists  of  a  mix- 
ture of  potassium,  lime,  aluminum,  and  iron  silicates  is  all  soluble 
in  a  1%  citric  acid  solution  and  therefore  the  potash  is  in  a  form 
readily  available  as  a  source  of  potash  for  fertilizer  purposes. 
During  the  past  two  years  field  tests  have  been  conducted  to  test 
the  value  of  the  feldspar  potash  fertilizer  and  satisfactory  results 
have  been  obtained.  It  has  been  argued  by  many  that  unless 
potash  is  water  soluble,  it  is  not  suitable  for  fertilizing  purposes. 
In  this  connection  it  should  be  mentioned  that  when  water- 
soluble  potash  salts  are  added  to  the  soil  they  form  potash  com- 
pounds insoluble  in  water  with  the  ingredients  of  the  soil  and  this 
accounts  for  the  potash  not  being  washed  below  the  roots  of  the 
plants.  Further,  it  will  be  noted  that  the  feldspar-potash  pro- 
duct made  by  the  Drury  process  is  more  soluble  than  basic 
phosphate  slag,  the  value  of  which  is  determined  by  the  amount  of 
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phosphate  sokihle  in  a  2%  citric  acid  sokition.  After  consider- 
able opposition  the  value  allowed  for  the  citric  soluble  phosphoric 
acid  of  basic  slag  is  practically  the  same  as  that  allowed  for  water- 
solubie  phosphoric  acid  of  acid  phosphate.  It  may  be  of  interest 
to  know  that  basic  phosphate  slag  is  the  principal  source  of 
phosphoric  acid  in  fertilizers  used  in  Europe,  Germany  alone  in 
1913  using  more  than  two  million  tons.  From  the  field  tests 
that  have  been  conducted  and  also  from  the  fact  that  all  the 
citric-soluble  basic  phosphate  slag  produced  finds  a  market  at  a 
price  about  equal  to  the  water  soluble  acid  phosphate,  there  can 
be  no  doubt  as  to  the  suitability  of  the  Drury  feldspar-potash 
product  as  a  plant  food. 

conclusions 

In  concluding  this  review,  the  writer  regrets  he  is  unable  to 
mention  a  humber  of  other  processes  that  have  been  proposed  to 
recover  potash,  especially  those  devised  to  treat  silicate  rock. 
However,  it  may  be  stated  that  practically  all  possible  deposits  of 
potash  salts  and  brines  have  been  examined  but  no  high-grade, 
extensive  deposits  of  potash  salts  have  been  found  in  sufificient 
quantities  to  supply  any  large  proportion  of  the  quantity  con- 
sumed on  this  continent.  A  number  of  plants  will  no  doubt  be 
operated  to  supply  local  markets  but  anything  further  need  hardly 
be  expected. 

Whether  it  is  possible  to  recover  potash  from  kelp  or  not 
on  this  continent,  opinion  is  divided.  However,  before  extensive 
sums  are  invested  it  would  be  advisable  to  study  the  processes 
used  in  those  countries  where  the  operation  was  practiced  or 
is  being  practiced,  as  in  Ireland,  Scotland  or  Japan. 

The  possibility  of  recovering  potash  from  alumite  presents 
certain  difficulties  which  were  mentioned  in  discussing  the  re- 
covery of  potash  from  alunite,  but  the  investigation  of  the 
alunite  deposits  is  being  conducted  by  a  company  strong  finan- 
cially and  there  need  be  no  fear  but  that  the  present  company  will 
make  a  success  of  the  process  if  success  is  at  all  possible. 

After  following  closely  the  different  processes  that  have  been 
proposed  to  treat  silicate  rocks,  and  also  after  a  number  of  years 
of  careful  study  of  the  problem,  the  writer  came  to  the  conclusion 
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that  potash  cannot  be  extracted  from  siHcate  rocks  in  a  water- 
soluble  form,  and  marketed  under  normal  conditions;  that  very 
little  can  be  realized  by  marketing  alumina  or  silica  as  by-products; 
that  the  methods  which  aim  to  volatilize  potash  compounds  and 
produce  a  residue  suitable  for  cement,  present  difficulties  such  as 
the  complete  volatilization  and  collection  of  the  volatilized  alkali 
salts,  the  ability  to  obtain  an  easy  running  slag  which  will  be 
suitable  for  cement,  and  further  there  will  be  the  difficulty  of 
introducing  the  products  in  a  well-established  market.  It 
appears  to  the  writer  that  those  processes  which  merely  treat  the 
mineral  so  that  the  potash  is  rendered  either  water-soluble  or 
available  as  a  plant  food,  offer  the  best  possibilities.  Usually 
in  such  processes,  other  plant  foods,  such  as  lime,  iron,  soda, 
magnesia  and  silica,  w^hich  should  increase  the  value  of  the  pro- 
duct as  a  fertilizer  above  the  potash  content  are  rendered  avail- 
able. 

We  still  have  the  question  of  obtaining  potash  before  us- 
We  need  potash  and  the  need  of  potash  is  increasing  annually- 
Experience  has  shown  that  the  right  use  of  fertilizers,  proper 
tillage,  good  seed,  crop  rotation,  and  liming  when  necessary  insure 
farm  prosperity.  Germany  holds  the  present  potash  supply; 
what  the  price  will  be  after  shipping  is  resumed,  it  is  difficult  to 
estimate  but  it  is  quite  safe  to  assert  that  potash  will  not  be  sold 
after  the  war  at  the  same  price  that  it  was  previous  to  1914. 
Nevertheless  the  present  crisis  has  caused  practically  every 
country  to  investigate  their  possible  sources  of  potash  salts. 
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MINING  METHODS  AT  THE  MAGPIE  IRON  MINE 
By  A.  Hasselbring 

Annual  Meeting,  Montreal,  March  1917. 

At  the  Magpie  mine,  Michipicotan  district,  Ontario,  is  a 
body  of  siderite.  It  is  now  being  mined  and  made  into  a  mer- 
chantable ore  by  roasting.  This  roasting,  which  is  done  in  cement 
kilns,  drives  off  the  volatile  and  at  the  same  time  reduces  the 
sulphur  to  a  point  suitable  for  the  blast  furnace. 

The  siderite,  together  with  the  other  carbonates,  occurs 
as  a  band  standing  nearly  vertical  and  striking  north  east  and 
south  west.  The  band  is  broken  by  folding  and  faults  at  several 
points.  The  width  of  the  siderite  that  is  being  mined  ranges 
from  28  feet  to  62  feet;  the  average  width  is  about  42  feet.  The 
carbonate  deposit,  as  a  whole,  is  a  sedimentary  bed  lying  between 
a  series  of  acid  and  basic  flows  and  tuffs  of  volcanic  origin.  The 
wall  rock  on  the  south  is  a  talcose  schist  with  well  defined  schist- 
osity;  while  on  the  north  it  is  an  ellipsoidal  basalt  showing  very 
little  schistosity.  The  contacts  are  not  well  defined  and  are  not 
clean,  so  that  much  care  is  necessary  in  mining  to  make  sure  that 
no  ore  is  left  on  the  wall  and  that  no  rock  is  broken  into  the 
stopes.  The  schist  on  the  south  wall  undei ground  has  very  much 
the  appearance  of  the  ore,  but  the  drill  cuttings  from  the  holes 
give  a  good  indication  of  when  the  wall  has  been  reached.  The 
body  being  mined  has  an  approximate  length  of  1350  feet.  The 
carbonate  band  is  very  much  longer  than  this,  but  narrows  down 
on  either  end  so  that  it  is  not  found  profitable  to  mine  the  ore 
except  in  this  area. 

The  siderite,  as  a  whole,  is  the  usual  light-coloured  ore 
having  a  slightly  pink  tinge  due  to  the  presence  of  manganese 
carbonate,  rhodochrosite;  but  on  either  side  of  the  diabase  dike, 
cutting  the  body,  the  siderite  is  dense  black  ore  very  much 
resembling  fine  grained  magnetite.  In  the  white  siderite,  the 
volatile  runs  about  32%,  but  this  volatile  gradually  decreases 
near  the  dyke  until  it  is  as  low  as  12%.  The  carbonate  here 
contains  magnetite  in  considerable  amount  and  the  iron  contents 
of  the  ore  is  higher  than  in  the  light-coloured  ore.     The  black 
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ore  is  exceptionally  hard,  so  hard  in  fact  that  a  3\"  piston  drill 
will  drill  only  from  5  to  6  feet  of  hole  per  shift.  The  character  of 
the  ore  changes  giadually  as  the  distance  from  the  dyke  inci eases, 
so  that  at  about  100  feet  from  the  dyke  the  siderite  is  all  white. 
In  roasting  the  siderite  at  the  Magpie  there  is  a  loss  in 
volatile  of  about  30%  by  weight,  so  that  nearly  three  tons  of 
ore  must  be  mined  to  produce  two  tons  of  finished  material.  Taking 
this  into  consideration,  together  with  the  fact  that  the  actual 
roasting  operation  costs  are  considerable,  it  was  necessary  to 
devise  a  very  cheap  mining  system  in  oider  to  make  the  operation 


The  headframe  and  inclined  conveyor  to  bins  at  head  of  kilns  at  the 
Magpie  mine 

as  a  whole  commeicially  successful.  Se\'eral  mining  methods 
were  studied  and  approximate  costs  worked  out;  but  before 
any  method  was  definitely  chosen,  it  was  decided  to  sink  the 
shaft  and  open  up  drifts  on  two  main  haulage  levels  to  definitely 
determine  the  nature  of  the  ground  and  the  material  to  be  mined. 
The  shaft  was  accordingly  started  on  the  north  side  of  the  ore 
body,  about  60  feet  from  the  north  contact  of  the  ore.  The 
shaft  is  24  feet  by  8  feet  in  the  lough,  and  is  timbered  with  12 
inch  by  12  inch  sets,  so  that  the  inside  dimensions  are  22  feet  by 
6  feet.  It  is  divided  into  four  compartments,  two  skip  com- 
partments tor  balanced  Kimberly  skips,  one  cage  compartment 
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and  one  ladder  and  pipe  way.  The  shaft  was  sunk  205  feet  to  the 
second  level,  it  having  been  decided  to  cut  80-ft.  levels  and  to 
leave  a  45-ft.  floor  pillar  on  surface.  A  crosscut  was  run  on 
each  level  from  the  shaft  to  the  south  contact  of  the  ore  and 
drifts  started  thence  in  either  direction.  These  drifts  follow 
the  south  contact  as  neaily  as  possible.  The  nature  of  the  ore 
passed  through  in  the  drifts  was  closely  observed  and  samples 
taken  and  analysis  made  for  each  10-ft.  section  of  the  drifts. 
No  timber  was  necessary  in  any  of  the  di  if  ts,  but  it  was  noted  that 
the  ore  showed  a  great  number  of  slips  or  cleavage  planes.    These 


The  Magpie  roasting  plant.     In  the  distance,  to  the  left,  part  of  the  village 

may  be  seen. 

slips  have  no  geneial  direction,  but  intersect  each  other  at  all 
angles  and  are  extremely  smooth.  In  scaling  a  new  drift,  large 
wedge-shape  pieces  will  fall  out  from  the  first  blow  of  the  scaling 
bar;  but  when  a  drift  is  once  thoroughy  scaled  very  little  material 
loosens  from  latei  blasting.  On  account  of  this  feature  of  the 
ore,  it  was  necessary  to  decide  on  a  method  of  mining  that 
would  keep  the  miners  always  close  to  the  back  and  undei  cover. 
It  was  theiefoie  decided  to  use  the  sub-level  stoping  system  in 
mining  this  deposit. 

The  ore-body  was  blocked  ofi  into  three  stopes  longitudin- 
ally, divided  opposite  the  shaft  by  a  50-ft.  shaft  pillar  and  400 
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feet  west  of  the  shaft  by  a  diabase  dike,  100  feet  wide,  which 
cuts  the  body  at  right  angles.  This  gives  three  stopes  on  each 
level,  approximately  400  feet  long.  To  dexelop  these  stopes,  a 
raise  is  made  at  each  end  of  the  block  and  sub-levels  run  to  connect 
the  raises.  The  first  sub-level  is  18  feet  above  the  level.  The 
other  sub-levels  are  23  feet  from  floor  to  floor.  On  the  upper 
levels  three  sub-levels  are  used  betvveen  levels,  but  below  the 
second  level  four  sub-levels  are  used,  making  the  distance  be- 
tween levels  103  feet.  After  the  stopes  have  been  developed  in 
this  manner,  the  raise  at  the  end  of  the  block  nearest  the  shaft  is 


The  Magpie  roasting  plant,  with  a  view  of  the  ore-bridge  and  stock  yard. 


made  into  a  permanent  ladder  and  pipeway.  Air  lines  are 
carried  along  the  floor  of  the  sub-levels  to  the  far  end  and  mining 
commenced.  Machines  are  employed  in  breaking  down  around 
the  raise  at  the  far  end  of  the  block  and  this  opening  is  enlarged 
until  the  stope  is  completely  cut  off.  The  fiist  sub-level  is 
then  drawn  back  about  50  to  60  feet.  By  keeping  the  first  sub- 
level  back  this  distance,  the  muck  does  not  run  into  the  face. 
This  also  gives  the  men  working  on  this  sub-level  a  chance  to 
sand  blast  a  proportion  of  the  larger  pieces  which  break  from  the 
upper  benches.     Most  of  these  drop  so  that  they  can  be  reached 
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from  the  first  sub-level,  but  those  dropping  in  the  open  stope 
have  to  be  bkisted  as  they  come  down  into  the  chutes. 

After  the  stope  has  been  cut  off  from  wall  to  wall,  section 
cutting  is  done  on  each  sub-level.  At  first  it  was  the  intention 
to  carry  the  sub-levels  step  fashion  with  the  upper  sub-levels 
overhanging  the  lower  ones,  but  the  ground  was  found  to  be  so 
full  of  cleavage  planes  that  these  overhanging  benches  fell  when 
blasting  out  the  section  cut,  so  that  now  all  the  sub-levels, 
except  the  bottom  ones,  are  carried  back  together,  the  face  of  the 
stope  being  vertical.     In  section  cutting  the  stope,  the  machine 


Magpie  roasting  plant.    A  nearer  view  of  the  ore-bridge  is  presented.    The  stock 
yard,  it  will  be  noted,  is  well  supplied  with  ore. 

is  set  up  in  the  sub-level  and  an  8-ft.  bench  blasted  off.  This 
requires  five  holes,  two  in  front  and  three  behind.  These  holes  are 
about  7  feet  deep  and  break  to  the  bottom.  Very  little  mucking 
is  necessary  for  the  next  set  up  and  there  is  little  scaling,  as  the 
back  is  only  8  feet  high.  This  section  cut  is  carried  from  wall  to 
wall  and  the  stope  holes  are  drilled  in  the  bench  below  from  the 
same  set  ups.  The  back  holes  are  drilled  with  stopers  after  the 
section  cut  has  been  completed.  The  whole  face  of  the  stope  is  then 
blasted  off  with  a  battery  shot.  Very  little  powder  is  required, 
either  in  the  section  cut  or  in  the  stope  blast,  as  there  is  always  an 
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open  face  to  break  to.  When  a  stope  on  one  le\el  has  been 
drawn  back  to  the  starting  laise,  the  chutes  are  taken  out,  rails 
and  pipe  Hnes  are  removed  and  the  main  level  is  used  as  a  sub- 
level.  In  this  way  all  mucking  is  avoided,  the  ore  remaining  in 
the  bottom  of  one  level  which  will  not  run  out  of  the  chutes 
being  dropped  to  the  level  below.  On  the  bottom  sub-level  no 
back  holes  are  used,  except  in  the  coiners  of  the  stope,  as  this 
sub-level  is  can  led  higher  than  the  otheis,  thus  leaving  a  thinner 
block  of  ground  between  it  and  the  second  sub.  The  rail  and 
pipe  lines,  removed  fiom  the  leval  which  is  drawn  back,  are  used 


The  photograph  shows  the  automatic  scales  under  the  cooler  discharge. 


on  the  lower  level  in  the  development  work,  so  that  very  few  new 
pipes  oi  tails  are  required. 

On  the  main  haulage  level,  crosscuts  are  driven  off  the  main 
drift  at  25  feet  intervals.  Raises  are  made  from  these  crosscuts 
so  that  the  raises  are  spaced  about  25  feet  centre  to  centre  each 
way.  The  raises  extend  only  to  the  first  sub-level.  Ordinary 
round  timber  chutes,  with  three-inch  round  birch  stoppers, 
are  in  use  in  the  raises.  Much  blasting  is  necessary  in  the  chutes 
at  times  on  account  of  the  benches  falling  in  large  pieces,  but 
otherwise  no  trouble  is  experienced  in  loading  cars.     All  tram- 
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ming  is  done  by  hand,  2-ton  cars  being  used  on  a  grade  of  1% 
in  favour  of  the  loads.  Cross-switches  for  spotting  cars  at  the 
shaft  have  been  discarded.  In  their  stead  a  truck,  running  on 
rails  in  a  shallow  pit  transversely  across  the  station  and  about  12 
feet  back  from  the  shaft,  is  employed.  Cars  can  be  pushed  on  to 
this  track  from  any  track  and  spotted  for  either  the  skip  track 
or  the  cage  track  as  may  be  required.  All  outbound  loaded  cars 
come  up  the  main  crosscut  on  the  one  track.  The  mackinaw, 
if  not  in  use,  is  spotted  for  this  track.  The  lead  for  No.  1  skip 
lines  with  this  main  line.  Cars  to  dump  in  No.  1  skip  come  up 
the  main,  cross  the  mackinaw  onto  this  lead  and  dump  directly 
in  the  skip.  Returning  they  are  backed  onto  the  mackinaw 
which  is  then  spotted  for  the  return  track,  and  then  shoved 
down  the  return  track  through  a  spring  switch  out  onto  the 
main  line  and  back  in  again  for  loading.  This  spring  switch  is  the 
only  switch  on  the  level.  Ordinarily,  trammers  dump  their  own 
cars;  but  when  for  any  reason  it  is  necessary  to  speed  up  the 
hoisting,  dumping  is  done  by  a  gang  of  dumpers,  (two  men),  at 
the  shaft.  Trammers  coming  out  leave  their  cars  on  the  main 
line  and  go  back  with  an  empty  from  the  return  track.  The  gang 
at  the  shaft  handle  cars  on  the  mackinaw,  dump  them  and  shove 
them  down  the  return  track.  Working  in  this  way  400  to  450 
skips  can  easily  be  sent  up  in  a  shift. 

The  ore  is  hoisted  with  two  balanced  Kimberly  skips, 
which  have  a  capacity  of  two  tons  each  and  dump  directly  into 
the  crusher.  The  hoist  consists  of  a  6-ft.  drum,  coned  at  each 
end  and  geared  to  a  150  h.p.  wound  rotor,  three  phase,  induction 
motor.  This  motor  is  remotely  controlled  and  automatically 
protected  against  overloading.  It  is  only,  of  course,  when 
hoisting  from  the  bottom  level  that  the  cone  on  the  drum  is  of 
any  use,  but  the  motor  has  no  difficulty  in  starting  a  loaded 
skip  from  any  of  the  intermediate  levels,  even  though  no  chair 
is  used  and  the  full  load  is  hanging  on  the  rope  at  the  start.  The 
full  load  speed  of  the  motor  gives  a  rope  speed  of  750  feet  per 
minute.  The  signal  to  hoist  the  skip  is  given  to  the  hoistman 
by  a  bell  which  can  be  rung  from  only  one  level — namely,  the  one 
from  which  the  most  tramming  is  being  done  at  that  time.  A 
skip-tender  is  stationed  there  and  the  other  levels  ring  to  him 
when  they  want  the  skip,  or  when  they  have  finished  dumping 
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Side  view  and  section  on  centre  line 
Sketch  of  mackinaw  at  the  Magpie  mine. 

their  car;  he  then  relayes  the  signal  to  the  hoistman.  The 
cnisherman  feeding  the  No.  8  crusher,  also  has  a  switch  by  which 
he  can  ring  the  hoistman  in  case  of  trouble  in  connection  with 
the  crusher  and  when  he  wants  to  stop  the  skip  before  it  dumps. 
This  switch  also  gives  the  same  signal  to  the  skip-tender,  so  that 
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Sketch  of  Mackinaw  at  the  Magpie  Mine. 

he  knows  that  the  skip  has  been  stopped  at  the  crusher.  This 
stopping  for  a  minute  or  tvvo  is  fairly  frequent,  as  a  big  chunk 
of  ore  often  has  to  be  broken  with  a  hammer  before  it  will  go  into 
the  crusher.  The  skips  dump  into  a  No.  8  gyratory  crusher, 
which  breaks  the  ore  to  about  6-inch  ring.  The  black  ore  from 
near  the  diabase  dike  is,  as  stated  previously,  exceptionally  hard 
and  it  was  found  that  the  cast-iron  spider,  which  is  practically 
always  supplied  with  these  machines,  was  not  strong  enough  to 
withstand  the  strain  of  breaking  it  and  had  to  be  replaced  by 
a  cast-steel  one.  Below  the  No.  8  crusher,  the  ore  passes  over  a 
set  of  grizzly  bars  and  then  to  two  No.  5  gyratory  crushers. 
These  are  set  to  about  3  inch,  and  from  these  the  ore  is  carried 
on  a  24-inch  conveyor  belt  to  the  storage  bins  in  the  roast  plant. 

The  roasting  kilns  are  8  feet  by  125  feet  long  and  lined  with 
9-inch  hard  fire  brick.  The  fuel  used  is  powdered  slack  coal 
which  gives  a  temperature  of  about  1100°  c,  for  about  20  feet 
in  the  kiln.  This  is  not  hot  enough  to  make  the  ore  sticky  and  is 
sufficient  to  drive  off  the  CO2  and  nearly  eliminate  the  sulphur. 

After  passing  through  the  roasting  kilns,  both  the  light- 
and  dark-coloured  ores  have  the  same  appearance  and  are  not 
distinguishable  in  any  way.     The  finished  ore  is  nearly  black  in 


332     Mining  Methods  at  Magpie  Mine — Hasselbring 

colour,  and  comes  out  of  the  kilns  in  a  very  porous  condition 
in  rounded  lumps  about  2  "  in  diameter,  the  large  pieces  breaking 
up  when  passing  through  the  kiln.  This  finished  product  has  the 
following  composition  and  is  admirably  suited  for  the  blast 
furnace  both  on  account  of  its  physical  condition  and  its  chemical 
composition : 

Iron 50.00% 

Phosphor 013 

Silica 9.60 

Manganese 2.75 

Alumina 1 .  24 

Lime 7.69 

Magnesia 7.75 

Sulphur 196 

Loss  on  Ign 000 
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THE  PRESENT  POSITION  AND  FUTURE  OF  THE  IRON 
AND  STEEL  INDUSTRIES  IN  CANADA* 

By  CORBETT  F.  WlIlTTON 

Annual  Meeting,  Montreal,  1917 

In  endeavouring  to  analyze  the  present  situation  of  the  iron 
and  steel  industries  of  Canada  in  relation  to  its  natural  mineral 
resources,  the  requirements  of  its  home  markets,  and  the  possi- 
bilities of  future  expansion  of  these  markets  in  Canada  and  abroad, 
it  is  proposed  to  deal  with  some  of  the  facts  and  conditions  relat- 
ing to  the  commercial  and  manufacturing  side  of  this  subject, 
including: 

1.  A  description  of  the  principal  Canadian  iron  and  steel 
plants;  an  account  of  the  sources  of  their  ore  and  fuels,  the  cost 
of  assembling  these  materials  at  their  plants,  and  the  facilities 
for  transporting  the  products  to  Canadian  and  export  markets. 

2.  A  statement  of  the  amount  and  variety  of  iron  and  steel 
products  which  are  manufactured  by  Canadian  plants,  as  com- 
pared with  what  is  imported  from  the  United  States  and  other 
countries. 

3.  A  statement  of  the  costs  of  production  of  various  iron 
and  steel  products  in  Canada,  as  compared  with  those  in  the 
United  States.  A  tabulated  statement  of  the  costs  of  assembling- 
raw  materials  and  transporting  finished  products  from  Canadian 
and  American  iron  and  steel  centres  to  various  Canadian  markets. 

4.  A  consideration  of  the  possibilities  of  increasing  the 
variety  and  tonnage  of  steel  products,  manufactured  in  Canada, 
and  suggestions  as  to  possible  means  of  fostering  and  protecting 
Canadian  steel  industries  with  a  view  to  Canadian  trade,  and  to 
Imperial  and  foreign  export  trade. 


*NoTE. — The  conditions  and  data  presented  in  this  paper,  which  was 
written  in  1916,  are  such  as  appHed  to  the  period  1910  to  1915,  and  do  not 
represent  the  present  position  of  the  Canadian  steel  industries,  which  position 
has  undergone  great  changes  due  to  the  exigencies  of  the  war. 

(333) 
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Canadian  Plants  axd  Their  Products 

The  principal  plants  making  pig  iron  and  a  variety  of  steel 
products  are: — 

Dominion  Iron  &  Steel  Comoanj' Sydney. 

Nova  Srotia  Steel  &  Coal  Company Sydney  Mines  and  New  Glasefow. 

Steel  Company  of  Canada,  Limited Hamilton,  Toronto,  Montreal  and 

other  points. 
Alpoma  Steel  Company Sault  Sie.  Marie. 

The  principal  facts  relative  to  the  plant,  raw  materials,  and 
products  of  these  companies  are  tabulated  below. 

Dominion  Iron  &■  Steel  Company 


Iron  Furnaces  axd  Supplies 


Annual  Capacity 


6  blast  furnaces  of  250  G.T.  capacity  each 
per  day 

Company  owns  V\'abana  Ore  Mines,  New- 
foundland   

By-product  coke  plant,  consisting  620 
ovens 

By-pro('uct  recover/  plant  for  Benzol, 
Toluol,  Naphtha,  Naphthaline,  and 
Sulphate  of  Ammonia 

Plant  for  manufacture  of  cement  from 
blast  furnace  slag 

Limestone  quarries  in  Nova  Scotia  and 
Newfoundland 


Steel  Works 


5.S0,000  G.T.  basic  and  foundry 
pie;  iron. 

850,000  tons 

650,000  N.T.  coke 


630,000  tons. 

Annual  Capacity 


10  Basic  open  hearth  furnaces  (50-ton).. 
3  Basic  Bessemer  converters  (15-ton). 


35 "  2  high  reversing  blooming  mill 

16'  Morgan,  cont.  billet  mill 

Morgan  cent,  rod  mill 

Morgan  semi-cont.  rod  and  bar  mill  with 
12"  roughing  and  9}^"  finishing  trains. 

16"  Merchant  mill 

28f  Rail  mill 

\Mre  department 

Wire  Nails 


*400,000  N.T.  Ingots;  used  also 
for  the  primary  stage  of 
making  steel  by  the  duplex 
process. 

375,000  tons  blooms,  billets  and 
slabs 
90,000  tons  wire  rods 

60,000  bars 
75,000  tons  bars 
300,000  tons 
50,000  tons 
30,000  tons 
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Nova  Scotia  Steel  &■  Coal  Company 


Iron  Furnaces 


Annual  Capacity 


1  Blast  furnace  at  Sydney  Mines  of  250 
C.T.  daily  capacity 

1  New  blast  furnace  under  construction. 
By-product  coke  plant,  consisting  of  150 
ovens 


Steel  Works 


5  Basic  open  hearth  finnaces  at  Sydney 
Mines .  ./ 

28"  Cogging  mill 

20"  Plate  mill 

18"  and  9"  Rolling  mills 

9"  Guide  mill...;. .■.■;;.■. 

Hammer  and  forging  presses 

2  Railway  spike  machines 

Mines 

Ore  mines  at  Wabana,  Newfoundland.   . 

Coal  mines  at  Sydney  Mines 

Limestone  quarries  in  Nova  Scotia 


90,000  G.T.  basic  and  foundry 

pig  iron 
80,000  G.T. 

110,000  N.T.  of  coke. 

ANNxr/iL  Capacity 


150,000  N.T.  steel  and  fluid  com- 
pressed ingots 

Total   60,000  tons  of   finished, 
rolled    and    forged    products, 
including  merchant  bars,  angle 
bars,  tie  plates,  etc. 
7,500  tons 


600,000  tons 

800.000  tons 

70,000  tons 


The  Eastern  Car  Company,  a  subsidiary  concern,  manufac- 
tures steel  and  wooden  cars,  car  wheels,  etc.  It  utilizes  a  consi- 
derable portion  of  the  plates  and  bars  made  by  the  Nova  Scotia 
Steel  Co.,  which  has  important  and  growing  facilities  for  steel 
shipbuilding,  and  also  operates  a  number  of  ocean  vessels,  which 
carry  its  ore  and  coal  to  export  markets. 

The  plants  of  the  Dominion  Steel  Company  and  the  Nova 
Scotia  Steel  Co.  are  most  favourably  situated  for  the  utilization 
of  the  enormous  iron  and  coal  resources  in  that  territory.  A  large 
tonnage  of  Wabana  ore  is  exported  by  these  companies  to 
Europe  and  the  United  States,  comprising  since  1910,  about 
one- third  of  the  total  ore  mined,  the  balance  being  used  in  their 
own  blast  furnaces  producing  pig  iron  suitable  for  conversion 
into  basic  steel,  although  containing  rather  high  percentages  of 
phosphorus,    silicon,    and   sulphur.      The    coal   supply   also   is 
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very  well  suited  for  coking  and  steam  purposes.  The  cost  of 
transportation  to  these  plants  both  of  ore  from  Newfoundland 
and  coal  from  Cape  Breton  mines  is  very  low,  compared  with  that 
in  other  important  iron  districts. 

Both  companies  export  a  large  proportion  of  their  products, 
notably,  rails,  forgings,  and  wire  products  to  the  United  States, 
England,  and  other  countries,  and  should  be  able  to  expand  their 
plants  so  as  to  increase  the  variety  and  tonnage  of  iron  and  steel 
products  for  export;  while  their  low  cost  of  production  and  ship- 
ping facilities  should  enable  them  to  compete  for  export  trade 
with  producers  in  the  United  States  or  Germany. 

The  Steel  Company  of  Canada 

The  Company  has  two  blast  furnaces  at  Hamilton,  Ont.,  of 
250  and  350  G.T.  daily  capacity,  and  an  annual  capacity'  of 
200,000  tons  basic  foundry'  and  malleable  bessemer  iron.  The 
iron  ore  is  purchased  mainly  from  the  U.S.  Lake  Superior  mining 
companies.  Connellsville  'beehive'  coke  is  used  entirely.  A  by- 
product cokeoven  plant  is  projected.  Limestone  is  purchased  from 
quarries  within  a  close  radius.  This  plant  is  the  largest  one  in 
Canada  that  is  entirely  dependent  on  outside  supply  sources 
for  raw  materials.  Ore  brought  from  Lake  Superior  cannot  pass 
through  the  Welland  Canal  at  present,  but  is  unloaded  at  Point 
Edward  on  Lake  Huron,  whence  it  is  carried  by  rail  to  Hamilton. 
This  involves  extra  expense  as  compared  with  any  other  blast 
furnace  plants  located  on  the  Great  Lakes,  but  this  expense  will 
cease  after  the  deepening  of  the  Welland  Canal,  which  will  allow 
large  ore  vessels  to  come  to  Hamilton. 


Steel  Works 


Annual  Capacity 


{Hamilton  Works) 

11  Basic  open  hearth  furnaces 

34"  Reversing  blooming  mill 

18"  Morgan  cont.  billet  mill 

Morgan  cont.  combination  rod  and  bar 

mill 

14"  and  10"  Bar  mills 

3  Railway  spike  machines 

6  Mill  sheet  plants 


400,000  N.T.  ingots 

350,000  tons  blooms  and  billets 


100  000  wire  rods 
40,000  merchant  bars 
10,000  tons  spikes 
25,000  tons  sheets 
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Steel  Works 


Annual  Capacity 


(Ontario  Works) 

20"  Bar  mill 

lO"  Bar  mill 

9"C;ui(le  mill.. 

Car  and  locomotive  axle  department. 
Heavy  shape  lora;e  department 


{Canada  Works,  HamiUon) 


Wire  department. .    . . 
Wire  nail  department. 


Other  finishing  departments  are: — 

Tacks,    wood    screws,    m.^chine    screws, 
bolts,  nuts  and  rivets 

{Belleville  Works) 

18"  Aluck  mill 

12"  Bar  mill 

9"  Bar  mill 

Horse  shoe  department 

Spike  department 


{Montreal  Works) 

18"  Muck  mill 

18"  Bar  mills  (2) 

12"  Merchant  mill 

12" and  9"  Belgian  mills  (2) 

Other  finished  products  are: — 

Horse  shoe  department 

Wire  department 

Wire  nail  department . .    

Horse  nail  department 

Cut  nail  department 

Bolt  and  nut  department 

Spike  department 

ripe  mills,  J4"  to  4"  butt-weld  pipe,  black 
and  galvanized,  couplings  and  nipples. 


100,000  tons  of  merchant  bars, 
angle  bars,  tie  plates,  etc.,  in- 
cluding a  certain  proportion 
of  iron  bars. 


25,000  tons 
240,000  kegs 


3,500  tons 


30,000  tons  iron  and  steel  bars, 
merchant  and  horse  shoe  bars. 
50,000  kegs 

20,000  kegs  pressed,  ship,  drift 
and  railway  spikes. 


Products,    bar    iron    and    steel, 
horse  shoe   bars,   angle  bars, 
nail  and  washer  plate. 
60,000  tons 


1 10,000  kegs 
30,000  tons 
275,000  kegs 
30,000  boxes 
30,000  kegs 
130,000  kegs  bolts,  nuts,  rivets, 
washers,  etc. 
55,000  kegs  pressed  and  railway 
spikes. 

25,000  tons 
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Steel  Works 

Annual  Capacity 

{Dominion  Works) 

Wire  department      

25,000  tons 

Wire  nail  department 

125,000  ke§s 

Other  products  are: — 

Woven  wire    fence,  gates,  barbed  wire. 

bale  ties,  wire  cable 

10,000  tons 

{Brantford  Works) 

Bolt  and  nut  department     ' 

10,000  kegs  of  bolts,  nuts  and 
rivets 

(Swansea  Works) 

Bolt  and  nut  department 

90,000  Ue?s  of  bolts  and  nuts 

10,000  kegs  cf  rivets 

{Gananoqtie  Works) 

Forge  department 

Carriage  and  carriage  top  hard- 
ware, auto  and  miscellaneous 

[London  Works) 

vehicle  forgings 

Wire  and  nail  departmenr. .      

36,000  kegs  wire  nails 

In  order  to  manufacture  such  a  variety  of  products,  a  con- 
siderable tonnage  of  rolled  iron  and  steel  in  the  form  of  bars,  wire 
rods,  nut  flats,  horseshoe  bars,  plate,  etc.,  which  are  included  in 
the  total  output,  are  used  for  further  conversion  in  finishing 
departments  and  are  not  sold  in  the  shape  of  rolled  products. 
While  among  Canadian  industrial  firms  the  Steel  Company  of 
Canada  is  only  the  third  largest  producer  of  steel  ingots,  it 
produces  the  greatest  quantity  and  variety  of  manufactured 
steel  products,  such  as  foundry'  pig  iron,  bars,  horseshoes  and 
nails,  pipe,  spikes,  wire  of  all  kinds,  wire  nails,  tacks,  rivets, 
bolts,  nuts,  washers,  wood  screws  and  wire  goods.  Many  of  these 
articles  are  manufactured  in  Canada,  solely  by  this  company, 
and  are  imported  only  in  small  quantities.  I'he  company 
operates  plants  in  eight  different  cities  from  Fort  William  to 
Montreal,  and  has  exceptional  facilities  for  supplying  at  a  low 
delivery  cost  the  principal  Canadian  markets. 
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Algoma  Steel  Corporation 


Blast  Furnaces,  Etc. 


3  Blast  furnaces: — 

2  of  250  G.T.  daily  capacity 

1  of  450  G.T.  daily  capacity 

By-product  coke  plant,  consisting  of  110 

ovens 

By-product  recovery  plant  and  sulphuric 

acid  plant 


Annual  Capacity 


350,000     G.T.     Bessemer 
basic  pig  iron 

432,000  N.T. 


and 


The  company  owns  the  Helen  and  Magpie  mines  situated 
about  11  miles  north  of  Michipicoten  Harbour.  The  Helen  mine 
produces  hematite  ore,  averaging  about  5.5%  iron.  The  Magpie 
mine  produces  siderite  ore  which  after  roasting  yields  about  50% 
of  iron.  When  market  and  mining  conditions  warrant,  a  certain 
tonnage  of  ore  from  these  mines  is  sold  to  other  furnaces  in  Canada 
and  in  the  United  States.  The  Company  also  owns  several  un- 
developed iron  ore  deposits;  extensive  coal  properties  in  West 
Virginia,  producing  6,000  tons  per  day;  and  limestone  properties 
in  the  neighbourhood  of  Sault  Ste.  Marie. 


Steel  Works 


Annual  Capacity 


10  Basic  open  hearth  furnaces 

2  (5-ton)  Bessemer  converters 

1  (20-ton)  Bessemer  converter 

1  (200-ton)    Basic   tilting   furnace,    for 

duplexing 

35"  Reversing  blooming  mill 

Rail  mill . 

18"  and   12"  Merchant   mills  producing 

light  rails  and  structural  shapes,  splice 

bars,  tie  plates  and  merchant  bars.  .  . 
Bolt  and  spike  department  for  railway 

spikes,  bolts  and  nuts 


400,000  N.T. 

270,000  tons,  formerly  used  for 

duplexing,  now  dismantled. 
180,000  N.T. 


350,000  tons 
105,000  tons 


The  Algoma  Steel  Corporation  is  very  well  equipped  for 
producing  a  large  tonnage  of  rails  and  rail  fastenings,  as  well 
as   bars  and   light   structural   shapes.     The    favourable    situa- 
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tion  of  the  works  in  respect  of  ore  supplies  and  of  water 
shipping  facilities  has  enabled  the  Company  to  market  a  consider- 
able tonnage  of  rails  in  the  United  States  in  competition  with  the 
largest  American  producers.  The  position  near  the  head  of  the 
Great  Lakes  affords  access  to  markets  of  the  Northwest  and 
Pacific  coast,  as  well  as  to  Lake  Ontario  and  Eastern  points  on 
the  St.   Lawrence. 

The  tonnage  of  light  structural  shapes  rolled  is  only  a  small 
proportion  of  the  total  Canadian  consumption,  but  the  company 
could  enlarge  its  plant  for  the  manufacture  of  heavier  structural 
shapes  and  plates  for  which  there  is  a  large  market  in  Ontario  and 
Western  Canada. 

The  Canadian  Furnace  Company 

The  Company,  which  produces  foundry  pig  iron  for  the 
Canadian  foundry  trade,  has  one  blast  furnace  of  350  G.T.  daily 
capacity,  and  an  annual  capacity  of  125,000  tons  of  foundry, 
malleable  and  basic  pig  iron. 

The  Iron  Industry  in  The  United  States 

In  comparison  with  the  Canadian  plants,  the  physical  and 
economic  position  of  the  principal  iron  and  steel  producers 
in  the  United  States  which  export  an  enormous  tonnage  into 
Canada,  may  be  considered  briefly.  The  iron  industry  in  the 
United  States  leads  the  world  in  respect  of  its  natural  resources, 
shipping  facilities,  and  design  and  efficiency  of  iron  and  steel 
making  plants.  The  U.S.  Steel  Corporation,  which  is  the  largest 
producer  of  iron  and  steel,  has  played  an  important  part  in  the 
development  of  the  export  steel  trade  of  the  United  States, 
and  there  are  a  large  number  of  independent  concerns  which 
successfully  compete  with  that  Corporation  in  both  domestic  and 
export  markets.  The  Corporation  and  mostly  all  of  the  other  iron 
and  steel  producers  control  enormous  quantities  of  ore  and 
coal,  which  they  mine  and  transport  to  their  plants  at  a  cost 
considerably  below  that  which  must  be  paid  by  smaller  concerns 
which  purchase  their  supplies. 


I 
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We  fortunately  have  very  complete  and  reliable  information 
as  to  the  cost,  covering  a  period  of  years  to  1910,  of  ore,  coke, 
pig  iron,  and  the  various  steel  products  of  the  United  States 
Steel  Corporation ;  except  that  allowance  must  be  made  for  the 
improvement  in  methods  of  manufacture  and  equipment  during 
recent  years,  other  conditions  have  not  materially  changed  in  the 
interim;  hence  present  day  costs  are  no  doubt  considerably  lower 
than  ten  years  ago.  The  capacity  of  blast  furnaces,  open  hearth 
furnaces,  and  all  types  of  rolling  mills  of  recent  design  are  from 
50%  to  100%  greater  than  of  plants  built  ten  to  fifteen  years  ago. 
This  expansion  and  development  of  modern  plants  in  the  United 
States  has  been  made  possible  by  the  rapidly  growing  consumption 
of  their  products  at  home  and  abroad.  As  is  clearly  indicated  by 
the  growing  volume  of  imports  of  iron  and  steel  in  the  last  five 
years,  Canadian  industries  have  not  been  able  to  keep  pace  with 
the  expansion  of  Canada.  Records  show  moreover  that  Canadian 
plants  have  not  increased  the  variety  of  their  products  to  any 
great  extent  even  in  recent  years,  and  this  is  principally  due  to  the 
fact  that  they  had  some  protection  for  the  products  which  they 
had  been  making  for  years;  but  with  regard  to  new  and  unpro- 
tected products,  they  were  dubious  of  being  able  to  meet  the 
competition  of  the  United  States  in  Canadian  markets.  That  this 
fear  has  been  well  grounded  can  be  proved  by  a  comparison  of  the 
production  of  Canadian  mills  for  a  few  years  past  with  their 
productive  capacity.  In  the  circumstances  it  is  evident  that  there 
has  been  no  possibility  of  Canadian  producers  engaging  in  export 
trade,  except  at  rare  times  when  high  prices  have  enabled  the 
steel  plants  located  on  the  Atlantic  seaboard,  whose  cost  of  pro- 
duction is  considerably  lower  than  at  works  elsewhere  in  Canada, 
to  find  a  market  for  a  portion  of  their  products  in  foreign  countries  . 

Canadian    Productions   and    Requirements   of    Iron    and 

Steel 

The  foregoing  figures  enable  comparisons  to  be  made 
between  the  total  production  by  Canadian  plants  of  various 
classes  of  iron  and  steel  products,  and  the  total  consumption  in 
Canada,  represented  by  the  sum  total  of  the  production  and  the 
imports,  less  the  exports. 
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Pig  Iron 

The  following  table  shows  the  amount  of  the  production, 
imports,  and  consumption  of  pig  iron  in  Canada,  and  compares 
the  production  with  the  consumption  and  with  the  producing 
capacity  of  the  Canadian  plants. 

Total  Pig  Iron  Used  and  Produced  in  Canada,   Gross  Tons 

Prod.  % 
Pro-  Less  Total     Prod.  %     Cap-     of  Cap- 

duction        Imports     Exports         Used     of  Used      acity       acity 

1911  824,368       186,300       1,010,668     70         

1912  912,878        244,000       1,156,878     77.7     1,240,000       74 

1913  1,015,118        211,500       1,226,618     74.8     1,340,000       78.2 

1914  705,972    70,300   12,300   764,000  92.3  1,460,000   48.5 

1915  825,420    42,350   15,450   852,320  96.7  1,460,000   56.5 

1916  1,043,978    51,900   20,800  1,075,078  97.2  1,460,000   71.5 

It  will  be  noted  that  the  maximum  production  in  the  year 
1913  was  only  78.2%  of  the  total  capacity  of  Canadian  blast 
furnaces,  while  in  the  year  1914,  the  production  amounted  to 
only  48.5%  of  the  total  capacity.  In  other  years  the  range  is  be- 
tsveen  these  two  limits.  The  result  is  that,  as  the  opera- 
tion of  furnaces  is  limited  to  less  than  70%  of  their  capacity, 
it  is  practically  im.possible  to  reduce  the  cost  of  production  of 
pig  iron  to  a  low  and  uniform  basis;  for  as  will  readily  be  un- 
derstood furnaces  operating  continuously  at  their  normal 
capacity  are  able  to  show  minimum  costs,  while,  under  reduced 
operations,  costs  v."ill  increase  nearly  in  the  inverse  ratio  of  the 
percentage  of  capacit}^  at  which  they  are  operating. 

Although  these  conditions  apply  to  the  total  production  of 
pig  iron  of  all  kinds  including,  basic,  bessemer,  foundry,  and  other 
classes  of  iron,  it  should  be  pointed  out,  that  practically  all 
Canadian  steel  works  produce  sufficient  pig  iron  for  the  manu- 
facture of  open  hearth  and  bessemer  steel  made  in  their  plants, 
and  the  imported  pig  iron  is  therefore  principally  of  the  foundry 
grade. 

A  comparison  of  the  production,  imports,  and  consumption 
of   foundry   pig   iron   in   Canada   affords  a   still   more  striking 
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illustration  of  the  position  of  Canadian  furnaces.   The  figures  are 
presented  in  the  following  table: 

Foundry  Pig  Iron,   Gross  Tons 


Total  Used 

Production 

Production 

Imports 

(Export  Incl.) 

%  of  Used 

1911 

190,324 

1 86,300 

376,624 

43.5 

1912 

194,208 

244,000 

438,208 

44.4 

1913 

225,231 

211,500 

436,731 

51.7 

1914 

174,346 

70,300 

244,646 

71.3 

1915 

125,769 

42,350 

168,119 

75.0 

1916 

164,501 

51,900 

216,401 

76.1 

The  percentage  of  Canadian  foundry  pig  iron  produced  in 
relation  to  the  total  domestic  consumption  has  ranged  in  the 
last  six  years  from  43%  to  76%.  The  latter  represents  the 
conditions  in  1915,  when  the  total  consumption  of  the  country 
had  fallen  to  a  very  low  limit  and  the  Canadian  producers  were 
therefore  forced  to  market  their  product  even  at  prices  prohibiting 
a  profit,  or  else  face  the  alternative  of  suspending  furnace 
operations.  The  normal  capacity  of  furnaces  making  foundry 
pig  iron  is  not  known,  but  it  may  be  assumed  safely  that  there 
are  only  two  furnaces,  (one  having  been  in  operation  only  since 
the  year  1913)  of  which  the  total  annual  capacity  is  about 
245,000  tons  a  year.  On  this  basis  the  maximum  rate  of  produc- 
tion, attained  in  1913,  was  only  92%  of  their  capacity,  but  as  in 
years  of  maximum  production,  prices  are  generally  profitable 
enough  for  steel  makers'  blast  furnaces  to  be  used  for  making 
foundry  iron  for  sale,  the  production  was  probably  not  more  than 
80%  of  the  capacity  thus  enlarged. 

The  duty  on  pig  iron  is  of  considerable  importance  both  to 
makers  of  foundry  pig  iron  and  of  steel  products  made  by  the 
straight  Bessemer  or  duplex  processes,  as  one  ton  of  iron  is  used 
per  ton  of  steel  produced;  while  in  the  straight  open-hearth 
process  from  40%  to  70%  of  pig  iron  is  used  in  combination 
with  scrap.  Bessemer  steel  plants  have  been  mainly  converted 
into  duplex  plants,  whereby  basic  iron  is  used,  being  first  partly 
purified  in  the  Bessemer  converter,  and  the  final  stage  of  con- 
version into  steel  performed  in  the  open  hearth  furnace.  About 
one  ton  of  iron  is  used  by  this  method  per  ton  of  steel  produced. 
The  process  is  more  rapid  than  the  straight  open  hearth  one,  but 
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can  only  be  carried  out  economically  when  cost  of  pig  iron  is  rela- 
tively low  and  scrap  high. 

Ontario. — The   six   coke    furnaces    now   in  operation  have 
capacities  as  follows: — 

Number      Daily  Capacity  Annual 

of  Furnaces  Capacity 

Algoma  Steel  Co 3         250,  250  and  450  350,000  G.T. 

Canadian  Furnace  Co 1                      350  125,000  G.T. 

Steel  Co.  of  Canada 2              250  and  350  200,000  G.T. 

Total  annual  capacity 675,000  G.T. 

In  addition,  there  are  the  following  furnaces  which  have  not 
been  in  blast  or  operated  continuously  for  some  time: 

Number  Daily  Annual 

of  Furnaces  Capacity  Capacity 

Canada  Iron  Foundries,  Ltd ..  .          *2  125  and  250  125,000  G.T. 

Atikokan  Iron  Co.,  Ltd 1  125  45,000  G.T. 

Standard  Iron  Co 1  charcoal  65  tons 

Production  of  Pig  Iron —  %  Installed 

All  Grades  Capacity 

1912  527.000  G.T.  75 

1913  586,500  G.T.  80 

1914  497,500  G.T.  61 

1915  450,200  G  T.  55 
'9!^,                                624,300  G.T.  92.5 

This  tonnage  was  divided  as  follows  among   the  different 
grades: 

Basic  and  Bessemer  Foundry'  and  Malleable 

1912  522,800  G.T.  194,200 

1913  361,300  G.T.  225,200 

1914  323,200  G.T.  174,300 

1915  324,400  G.T.  125,800 

1916  442,600  G.T.  181,700 

Nova  Scotia. — There  are  now  seven  furnaces  in  operation, 
having  capacities  as  follows: — 

Number  Daily  Annual 

of  Furnaces  Capacity  Capacity 

Dominion  Iron  &  Steel  Corp. . .           6  250  G.T.  each  550,000  G.T. 

Nova  Scotia  Steel  &  Coal  Co. . .           1  250  G.T.  90,000  G.T. 

Now  building ..            1  225  G.T.  80,000  G.T. 

Total  annual  capacity 640,000  G.T. 

*The  largest  furnace  has  been  bought  and  moved  to  the  Aigoma  Steel 
Con'pany  plant. 
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Production  of  Pig  Iron  by  Grades: 


Basic  and  Bessemer 

% 

Inst; 

illed  Capacity 

1912 

380,000  (i.T. 

70 

1913 

428,600  G.T. 

71 

1914 

203,000  G.T. 

32 

1915 

375,200  G.T. 

58 

1916 

419,700  G.T. 

66 

Practically  no  foundry  iron  has  been  made  in  Nova  Scotia, 
except  a  small  tonnage  at  irregular  intervals.  Exports  of  pig 
iron  have  amounted  to  about  4,000  tons  in  1914;  17,300  tons  in 
1915;  and  20,800  tons  in  1916,  mostly  from  Nova  Scotia 

Steel  Plants 

Most  of  the  important  plants  producing  steel  ingots  and 
castings  by  the  bcvssemer,  open  hearth,  and  duplex  systems  have 
been  described  before,  and  the  chief  point  of  interest  in  connection 
with  the  present  discussion  is  the  growth  of  the  open  hearth  and 
electric  steel  producing  capacity  of  the  country  during  the  last 
two  years. 

Production  of  Steel  Ingots  and  Castings,  Gross  Tons 


Open  Hearth 

Bessemer 

Other  Kinds 

Total 

1912 

645,062 

207,569 

400 

853,031 

1913 

768,663 

273,391 

419 

1,042,503 

1914 

556,910 

186,158 

284 

743,352 

1915 

884,736 

22,521 

5,498 

912,755 

1916 

1,245,488 

10,968 

30,053 

1,286,509 

In  1916,  Nova  Scotia  produced  492,500  tons  or  38.4%  of  the  total;  Quebec, 
72,250  tons,  or  5.6%  of  the  total;  and  Ontario,  716,000  tons,  or  56.0%  of  the 
total. 

Rails  and  fastenings. — The  following  tabfe  gives  the  returns 
of  imports  and  production,  the  capacity  of  Canadian  mills,  and 
the  proportion  of  Canadian  production  to  consumption. 

Rails  and  Fastenings  Produced  and  Used  in  Canada,  Gross  Tons 

Production  Production 

Rails  Fastenines 

1911  360,547  (Est.)  37,000 

1912  423,885  52,157 

1913  506,709  54,839 

1914  382,344  34,165 

1915  209,752  9,406 

1916  81,497  6,479 

Total  annual  capacity:  Rails  530,000  tons;  in  1917,  650,000 
tons. 


Imports 

Total  Used 

Production 

Produc- 

Rails and 

and 

%  of 

tion  Rails 

Fastenings 

Exported 

Used 

%,  of  Cap. 

86,750 

484,297 

82 

68 

139,800 

615,842 

77.2 

80 

163,000 

724,548 

77.5 

95.5 

37,600 

454,109 

91.5 

72.2 

10,850 

230,008 

95.2 

41.3 

12,500 

100,476 

87.7 

13.5 
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It  will  be  seen  in  comparison  with  pig  iron  and  other  steel 
products,  that  Canadian  rail  mills  up  to  1914  have  been  able 
to  operate  at  a  comparatively  high  rate  of  production.  The 
principal  factors  responsible  for  this  condition  have  been  the 
rapid  expansion  of  Canadian  railroads;  a  comparatively  high 
duty,  namely,  S7.00  per  net  ton;  and  the  favourable  shipping 
facilities  of  the  mills  by  land  and  water  with  regard  to  the  points 
of  destination.  The  tonnage  of  steel  rails  exported  is  not  reported 
nor  known  accurately;  but  on  several  occasions,  Canadian  rails 
in  quantity  have  been  marketed  in  the  United  States  at  a  figure 
below  the  American  price,  in  some  cases  in  spite  of  an  import 
duty,  but  in  recent  years,  with  free  entry.  Exports  in  1915  were 
about  58,500  G.T.  Inasmuch  as  the  price  of  rails  in  the  United 
States  has  been  maintained  at  a  fixed  level  of  $28.00  per  G.T. 
for  a  number  of  years,  it  is  not  surprising  that  Canadian  mills, 
with  the  advantage  of  $7.85  per  G.T.  duty,  have  been  able  to 
sell  the  greater  part  of  their  production  at  home;  and  even  in 
recent  years,  since  the  American  import  duty  has  been  removed, 
to  market  a  considerable  tonnage  of  rails  in  the  United  States. 

Iron  and  Steel  Bars. — Under  this  heading  will  be  included 
a  large  variety  of  products  rolled  on  mills  ranging  in  size  from 
20"  down  to  8",  such  as  narrow  plates,  nail  plate,  tack  plate, 
washer  plate,  and  merchant  bars  up  to  12"  in  width  and  2"  in 
thickness,  and  all  sizes  of  bars  up  to  about  6"  in  diameter.  This 
classification  also  includes  small  structural  shapes  rolled  on 
merchant  mills  such  as  angles  up  to  4"  and  small  channels  and 
beams  up  to  6".  The  latter  are  produced  by  one  mill,  only,  namely 
that  of  the  Algoma  Steel  Corporation. 

The  figures  for  production,  imports,  and  consumption  are 
as  follows : — 

Production   of  Merchant  Mill  Products 
(Total  Annual  Capacity  608,000  net  tons) 


Total 

Production 

Production 

Production 

Impoits 

Used 

%  of  Used 

%  of  Cap. 

1911 

344,760 

59.5 

1912 

373,257 

20'8,060 

578,257 

64  .'6 

64.4 

1913 

392,340 

201,500 

593,840 

66.2 

65.3 

1914 

218,125 

65,190 

283,225 

77.1 

36.4 

1915 

328,737 

101.500 

430,237 

76.4 

54 

1916 

707,823* 

111,400 

819,223 

86.4 

*The  production  includes  all  shell  steel  rounds  rolled  on  rail  mills  and 
merchant  mills. 
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The  imports  shown  above  include  only  the  following  items 
from  the  Customs  Reports:  "Bar  iron  or  steel,  rolled,  etc., 
exclusive  of  wire  rods  of  all  kinds,  shafting,  and  rolled  material 
of  greater  value  than  3><c.  per  lb."  Rolled  iron  and  steel, 
hoop,  scroll,  or  strip,  13  gauge  and  thicker,  which  is  exclusive 
of  hoop  iron  12  and  13  gauge  and  thinner,  etc."  There  is 
also  included  in  the  tonnage  of  imports:  "Rolled  iron  and  steel 
angles,  beams,  channels,  and  other  shapes  not  further  manufac- 
tured than  rolled,  35  lb.  per  lineal  yard  and  less." 

The  f^ituation  of  the  rolling  mills  in  Canada  is  particularly 
disadvantageous.  In  all  about  sixteen  concerns  operating  rolling 
mills.  In  1913  there  were  twenty  works  in  operation,  namely; 
four  in  Nova  Scotia,  one  in  New  Brunswick,  four  in  Quebec, 
nine  in  Ontario,  one  in  Manitoba,  and  two  in  Alberta. 

These  mills  (seventeen  20",  18",  and  16"  mills,  and  twenty- 
three  14",  12",  10",  9"  and  8"  mills)  are  capable  of  rolling  all  the 
ordinary  sizes  and  shapes  of  merchant,  agricultural,  and  small 
structural  bars,  but  are  not  equipped,  as  far  as  is  known,  to  roll 
the  following  products :  Bands  under  3^"  and  16  Ge.  including  all 
kinds  of  hoop,  scroll,  and  strip  steel,  planished  and  otherwise 
special  in  finish ;  beams  and  channels  under  6",  except  one  mill 
owned  by  the  Algoma  Steel  Corporation;  tees,  and  small  spe- 
cial shapes  under  6";  corrugated,  ribbed,  and  other  patented  re- 
inforcing bars;  miscellaneous  sections  such  as  special  agricul- 
tural beams  and  plates,  nut,  tire,  tractor  and  rim  sections,  U 
bars,  and  other  special  deformed  and  miscellaneous  shapes. 

The  greater  part  of  these  special  shapes  are  rolled  in  the 
United  States  on  what  are  called  'specialty  mills'  especially  design- 
ed and  equipped  for  producing  large  tonnages,  their  costs  being 
accordingly  much  lower  than  in  the  case  of  mills  equipped  for 
producing  a  greater  variety  of  sections.  Hence  United  States 
operators  have  made  special  efforts  to  obtain  all  the  tonnage 
offered  both  in  Canada  and  the  United  States  in  order  that  these 
mills  might  be  operated  at  the  highest  rate  of  production  possible. 
There  is  no  doubt  that  Canadian  consumers  have  been  able  to 
obtain  the  best  products  and  deliveries  from  these  mills,  and 
Canadian  mills  have  therefore  been  forced  to  accept  the  balance 
of  the  tonnage  obtainable — mainly  standard  sections  and  sizes 
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costing  more  to  produce  as  more  frequent  changes  are  necessary — 
this  business  having  been  divided  up  among  many  concerns. 
The  widely  distributed  markets  of  Canada,  involving  long  hauls 
from  the  principal  manufacturing  centres  to  the  points  of  con- 
sumption, have  encouraged  the  establishment  at  various  points 
of  many  small  rolling  mill  plants,  whose  maximum  annual 
capacity  does  not  as  a  rule  exceed  25,000  tons.  These  mills 
have  depended  for  their  existence  on  securing,  and  have  made 
every  effort  to  secure,  the  greater  part  of  the  local  trade  in 
standard  shapes  and  qualities.  The  competition  of  these  small 
plants  has  severely  cut  into  the  business  of  the  larger  plants 
which  are  equipped  with  full  complements  of  standard  merchant 
mills  and  with  steel  plants  for  furnishing  their  own  requirements 
of  steel.  The  result  of  this  competition  has  been  the  reduction  of 
prices  to  a  minimum,  but  without  any  compensating  increase  in 
the  variety  of  products. 

Hoops  and  Bands. — The  returns  in  respect  of  imports  of  rolled 
bands,  hoops,  and  strip  steel  14  guage  and  thinner  are  as  follows: 

Year  Endine  March  Imports — N.T. 

1913 18,006 

1914 14,662 

1915 10,242 

1916 13,71? 

1917 16.813 

Steel  hoops  are  used  chiefly  in  the  manufacture  of  barrels, 
buckets,  boxes,  etc.,  and  range  in  size  from  f "  to  3"  wide,  and 
4o"  to  Yo"  thick.  Light  bands  are  used  for  wooden  tanks, 
vehicles,  cars,  etc..  the  size  ranging  from  f "  to  6"  wide  and  from 
\"  to  iV  thick.  These  are  rolled  from  small  billets  usually  on 
a  10"  or  8"  semi-continuous  or  continuous  mill.  The  variety  of 
light  hoops  and  bands  used  in  Canada  would  cover  practically 
a  full  range  of  these  sizes,  to  roll  which  would  require  at  least 
four  mills  ranging  from  14"  to  8",  with  an  annual  capacity  of 
about  150,000  tons.  This  is  the.  usual  number  and  size  of  mills 
installed  in  plants  in  the  United  States  where  hoops  and  bands 
are  rolled,  and  it  would  be  out  of  the  question  to  install  and  operate 
mills  of  this  kind  in  Canada  for  the  small  tonnage  required. 

Structural  Shapes. — There  are  no  records  of  Canadian 
production  of  light  structural  shapes  of  6"  and  under,  rolled  on 
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har  mills;  alLhoiigh  at  least  tour  mills  ranging  in  size  from  10" 
to  18"  roll  angles  4"  and  under,  small  channels,  beams  for  agri- 
cultural implements  and  \'ehicles.  These  mills  also  roll  angle 
bars  and  tie  plates,  of  which  the  production  has  been  given  under 
the  hetiding  of  rails;  but  so  far  as  is  known,  the  Algoma  Steel 
Corporation  and  Nova  Scotia  Steel  &  Coal  Company  are  the 
only  concerns  that  roll  shapes  such  as  small  channels,  beams, 
etc.,  and  the  variety  and  tonnage  of  their  output  is  not  known. 
Imports  of  these  have  amounted  to  a  large  tonnage  in  the 
past  few  years,  being  as  follows: 

Light  Structural  Shapes 
^'ear  Ending  Man  Ii  Imports — N.T. 

1913 80,450 

1914 97,582 

1915 27,122 

1916 39,455 

1917 45,90S 

In  the  United  States  practically  all  such  light  structural 
shapes  are  rolled  on  bar  mills  or  light  structural  mills  especially 
designed  for  rolling  these  sections  as  well  as  angle  bars,  tie 
plates,  rail  joints  and  other  special  sections. 

In  recent  years  imports  into  Canada  have  been: 

Heavy  Structural  Shapes 
Year  Ending  March  Inipor'. s — N.T. 

1913 20n,67S 

1914 212,772 

1915 64,9S1 

1916 66,571 

1917. 74,260 

In  these  figures  is  included  a  considerable  tonnage  of  heavy 
shapes  weighing  over  35  lb.  per  lineal  yard  such  as  I-beams  over 
20"  and  channels  over  15"  which  require  a  special  heavy  structural 
mill  to  roll,  so  that  there  would  hardly  remain  enough  tonnage 
of  lighter  shapes  of  this  class  for  another  mill  to  roll,  such  mills 
having  an  annual  capacity  of  at  least  300,000  tons.  A  light 
structural  mill  which  would  roll  angles  up  to  5"  or  6"  and  light 
beams  and  channels  under  8",  also  angle  bars,  tie  plates,  and 
heavy  implement  shapes,  would  have  an  annual  capacity  of 
about  180,000  tons.  Moreover,  a  large  range  of  sizes  and  shapes 
which  would  have  to  be  rolled  in  order  to  supply  all  the  require- 
ments of  the  country,  would  be  beyond  the  capacity  of  any 
standard  structural  mill. 
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There  is  no  doubt  that  the  past  two  years  have  witnessed  a 
very  severe  depression  in  steel  construction  in  Canada,  and  the 
prospects  are  good  for  a  considerable  increase  in  structural  shapes 
which  will  be  used  in  this  country.  At  the  present  time,  the  duty 
on  light  structural  shapes  is  the  same  as  on  rolled  bars  namely, 
$7.00,  but  on  heavy  shapes  it  is  $3.00  per  N.T.  The  question  of 
whether  the  latter  duty  would  afford  sufficient  protection  to  any 
Canadian  concern  willing  to  risk  the  heavy  cost  of  installation  of 
structural  mills,  will  be  dealt  with  later  on  under  the  heading  of 
"Cost  of  Production." 

Plates. — There  is  one  plate  mill  in  Canada.  This  is  operated 
by  the  Nova  Scotia  Steel  &  Coal  Co.;  but  this  being  a  20"  mill, 
is  only  capable  of  rolling  light  plates  up  to  about  30"  in  width. 
The  large  tonnage  of  plates  used  in  Canada  under  lA"  in  thickness 
would  probably  range  from  30"  up  to  120",  used  chiefly  for 
bridge  construction,  car,  tank,  engine  and  boiler  work.  These 
are  imported  into  Canada  under  four  classifications,  as  below 
noted : 

"Universal  plates"  are  imported  by  manufacturers  of  bridges, 
structural  work  and  cars.  The  returns  of  imports  under  this 
item  are: 

Year  Ending  March  Imports — N.T. 

1913 52,646 

1914 .57,763 

1915 22,219 

1916 25,035 

1917 21,504 

The  next  range  of  sizes  is  entered  for  import  under  the 
description  of  "Plates  not  less  than  30"  x  34"."  The  imports  of 
this  class  have  been : 

Year  Ending  March  Imports — X.T. 

1913 56,411 

1914 54,832 

1915 22,231 

1916 27,356 

1917 23,884 

Both  of  these  classes  are  subject  to  an  import  duty  of  $3.00 
per  ton  under  the  general  tariff. 
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Another  class  is  entered  as  "boiler  plates  not  less  than  30"  x 
}i"  for  use  exclusively  in  the  manufacture  of  boilers."  These  are 
entered  free,  and  the  annual  imports  have  been: 

Year  Ending  March  Imports — N.T. 

1913 21,535 

1914 20,592 

1915 5,233 

1916 5,858 

1917 8,039 

In  addition  to  the  foregoing,  there  are  other  plates  entered 
as  "rolled  iron  or  steel  sheets  or  plates,  sheared  or  unsheared,  and 
skelp  sheared  or  rolled  in  grooves."  These  are  sheets  or  plates 
thicker  than  14  guage  of  a  class  made  in  Canada  and  are  subject 
to  a  duty  of  $7.00  under  general  tariff.  The  imports  of  this  class 
h  ave  been : 

Year  Ending  March  Imports — N.T. 

1913 42,120 

1914 40,384 

1915 14,335 

1916 17,245 

1917 23,591 

The  imports  in  tons  of  these  four  classes  of  plates  have  been: 

Year  Ending  March  Imports — N.T. 

1913 172,712 

1914 173,571 

1915 64,018 

1916 75,494 

1917 77,018 

The  iirst  class  of  plates  mentioned  above,  which  are  known 
as  'universal  f>lates,'  range  in  size  from  12"  up  to  about  48"  in 
width,  and  are  rolled  on  a  universal  plate  mill,  which,  in  addition 
to  its  horizontal  rolls,  which  reduce  the  material  in  thickness,  has 
vertical  rolls  on  either  side,  which  regulate  the  width  of  the  plate. 
These  vertical  rolls  are  adjustable  to  any  width  up  to  the  size 
of  the  mill.  The  edges  of  the  plates  are  regular  and  straight  and 
do  not  need  to  be  sheared. 

The  second  class  of  plates  described  as  "not  less  than  30" 
wide  X  y^"  thick"  and  boiler  plates  of  the  same  dimensions,  are 


352      Iron  and  Steel  Industries  in  Canada — Whitton 

usually  the  product  of  a  sheared  plate  mill,  in  which  the  steel  is 
reduced  to  the  desired  thickness,  but  the  edges  are  not  rolled  or 
regular.  These  plates  must  be  sheared  when  cold  to  the  desired 
width  and  length  or  into  special  shapes  as  ordered. 

The  fourth  class  of  plates  mentioned  above  are  usually  rolled 
on  a  universal  plate  mill  and  vary  in  width  from  12"  up  to  40". 

Skelp  is  also  rolled  on  this  kind  of  mill  and  is  imported  as 
raw  material  for  the  manufacture  of  punched  and  sheared  hard- 
ware, metal  parts,  etc.,  such  as  hinges,  washers,  and  other  similar 
articles. 

It  is  apparent  that  the  maximum  consumption  of  universal 
plates  in  Canada  has  not  exceeded  90,000  to  95,000  tons  annually, 
and  of  sheared  plates  not  over  75,000  to  78,000  tons,  these  quan- 
tities covering  a  very  large  range  of  widths  and  sizes. 

A  universal  plate  mill  rolling  universal  plates  up  to  48"  wide 
and  sheared  plates  up  to  72"  wide  would  have  an  annual  capacity 
of  about  150,000  tons.  Larger  sizes  would  require  a  sheared 
plate  mill.  The  smaller  universal  plates  under  30"  could  be 
rolled  on  a  small  universal  mill  together  with  skelp.  The 
annual  output  of  such  a  mill  would  be  about  100,000  tons. 

There  would  appear  to  be  a  favourable  opportunity  for  the 
installation  of  two  such  mills  in  Canada,  as  the  prospects  of  an 
increase  in  the  total  consumption  of  plates  of  various  sizes  appear 
assured.  The  question  of  adequate  protection  would,  however, 
have  to  be  considered.  It  would  be  more  faA'ourable  to  the 
manufacturer  of  plates  in  Canada  to  establish  a  uniform  duty 
on  plates  of  all  kinds. 

Sheets. — Sheets  of  any  kind  are  not  made  at  present  in 
Canada,  although  a  plant  was  built  at  one  time  for  the  purpose 
of  manufacturing  them.  The  attempt  was  not  successful,  but  the 
plant  has  recently  been  purchased  and  removed  to  Hamilton  by 
the  Steel  Company  of  Canada,  Limited,  which  will  commence 
manufacturing  sheets  of  14  guage  and  thinner  about  the  beginning 
of  1918. 
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The  comparative  statistics  of  imports  of  various  classes  of 
sheets  are  as  follows: 

"Rolled  Iron  or  Steel  Sheets,  Polished  or  Not,  14  Gauge  and  Thinner'' 

Imports — N.T. 

Year  Ending  March  Dutiable  Free 

1913 66,063  7,377 

1914  39,125  15,954 

1915 29,054  7,260 

1916 46,512  1,333 

1917 50,784  2,258 

"Canada  Plates,  Russia  Iron,  Terne  Plates  and  Rolled  Sheets  of 
Iron  or  Stee^  Coated  with  Zinc,  Spelter  or  Other  Metal, 
of  all  Widths  and  Thickness,  N.O.P.'' 

Imports — N.T. 

Year  Ending  March  Dutiable  Free 

1913 11,974  7,069 

1914 8,176  10,192 

1915 8,791  5,733 

1916 10,134  2,078 

1917 12,279  525 

"Galvanized  Sheets,  Flat  and  Corrugated.'' 

Imports — N.T. 

Year  Ending  March  Dutiable  Free 

1913 28,111  28,095 

1914 16,996  33,758 

1915 15,130  20,185 

1916 17,441  6,542 

1917 10,529  455 

There  are  a  few  other  classifications  of  imported  sheets 
which  do  not  amount  to  any  significant  tonnage  and  will  be 
omitted  from  the  total  tonnage.  All  of  the  above  sheets  are 
subject  to  a  5%  duty  when  imported  from  the  United  States  and 
are  free  from  the  United  Kingdom.  The  totals  for  all  these  classes 

are: 

Total  Imports— N.T. 

Year  Ending  March  Dutiable  Free 

1913 106,148  42,541 

1914 64,291  69,904 

1915 52,971  33,178 

1916 74,087  9,953 

1917 73,592  3,238 
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In  view  of  the  fact  that  after  the  war  Imperial  tariff  walls 
may  be  raised  by  increasing  the  duties  on  all  products  imported 
from  all  foreign  countries  outside  of  the  Empire  and  the  Allied 
Nations,  it  is  possible  that  a  fair  protective  duty  on  sheets  may 
be  imposed  under  the  general  tariff  with  a  moderate  preferential 
duty. 

There  is  no  apparent  reason  why  the  whole  of  the  tonnage 
of  sheets  now  being  imported  from  the  United  States  and  England 
should  not  be  made  in  Canada.  Sheet  mills  do  not  cost  as  much 
to  build  and  equip  as  most  modern  rolling  mills  such  as  are 
required  for  bars,  plates,  and  structural  shapes.  The  process  of 
rolling  sheets  differs  from  the  process  of  rolling  these  other 
products,  as  the  rolls,  instead  of  having  specially  designed  grooves 
which  form  the  shape  of  product,  are  perfectly  smooth.  Black 
sheets  are  rolled  from  sheet  bars  about  8"  wide  and  from  }i"  to 
1"  thick  cut  in  lengths  of  30".  These  are  rolled  on  a  continuous 
mill  from  a  large  billet.  After  the  sheets  have  had  a  number  of 
passes  between  the  rolls,  they  are  reduced  to  a  certain  thickness 
after  which  they  are  doubled  so  that  two  or  more  thicknesses  pass 
between  the  rolls  at  the  same  time.  This  doubling  is  repeated  and 
the  sheets  come  out  in  a  pack  so  closely  united  by  pressure  of  the 
rolls,  that  it  is  necessary  to  pull  them  apart  in  separating  indivi- 
dual sheets.  In  reducing  the  sheets  by  various  passes,  they  are 
carried  by  hand  from  one  stand  of  rolls  to  the  next.  The  furnaces 
for  heating  the  sheet  bars  and  annealing  the  finished  sheets  are 
simple  in  design  and  operation.  There  is  no  complicated  machin- 
er\'  for  the  handling  of  the  product  and  the  principal  item  of  cost 
is  that  of  labour.  Sheet  mills  can  be  established  in  units  of  var- 
ious sizes  and  capacity  according  to  the  market  requirements. 
The  tonnage  imported  would,  however,  include  a  wide  range 
of  sizes,  qualities,  and  finishes  which  would  require  different 
styles  of  mills  to  produce  economically.  It  would  therefore 
appear  that  if  an  import  duty  were  imposed  for  the  protection 
of  the  Canadian  manufacturer  that  an  ad  lalorem  duty  would 
be  fairer  and  more  advantageous  than  a  specific  duty,  having 
regard  in  particular  to  the  fact  that  labour  costs  enter  so  largely 
into  the  costs  of  manufacture. 
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Sheets  are  mainly  used  for  huilding  construction,  not  only 
for  the  walls  and  roofs  of  sheet  metal  buildings,  but  also  in  many 
various  small  and  fabricated  forms.  Annealed  sheets  enter  into 
the  manufacture  of  a  great  variety  of  Canadian  products  such 
as  stoves,  stamped  and  drawn  work,  and  utensils  and  vessels  of 
'  u^o"  es  ^'^  ^^^"^  ""^"^ '"  '^'^^  quantities  for  electrical 

In  addition  to  the  black  and  galvanized  sheets  used  in  manu- 
acturmg  and  construction  work,  there  is  also  a  large  tonnage  of 
tm  plate  imported  into  this  country  for  the  manufacture  of  cans 
containers,  and  other  small  parts  punched  from  tin  plate. 

Tin  plate  is  made  from  black  sheets,  of  a  better  finish  and 
having  a  smoother  surface  suitable  for  tinning.  The  additional 
processes  are  pickling,  annealing  and  cold  rolling.  The  first 
process  removes  impurities  from  the  surface;  annealing  makes 
the  material  pliable;  and  cold  rolling  insures  perfect  smoothness 
and  correctness  in  gauge.  The  tin  is  then  applied  by  drawing  the 
plates  between  rolls  immersed  in  molten  tin,  therebv  giving  a 
smooth  bright  coating  to  the  black  plates.  Roofing  pLtes  as 
distinguished  from  galvanized  sheets,  are  usually  coated  witL  a 
mixture  of  lead  and  tin  and  are  called  terne  plates. 

The  imports  of  tin  plate  are  shown  above  under  the  heading 
ot     Canada  plates  and  rolled  sheets  coated  with  zinc,  spelter 
or  other  metals."    The  greater  part  of  tin  plate  used  in  Canada 
was  formerly  imported  from  Great  Britain,  but  of  recent  years 
the  United  States  has  become  the  largest  exporter  to  Canada.' 

_  Pipe,  Tubing,  and  Filtings.-~~The  greater  part  of  the  wrought 
iron  and  steel  pipe  used  in  Canada  under  10"  in  diameter  is  made 
by  three  concerns,  namely:  Canadian  Tube  &  Iron  Company 
Montreal;  Page-Hersey  Iron  Tube  &  Lead  Company,  Toronto' 
Steel  Company  of  Canada,  Limited,  Hamilton.  The  first  and 
last  mentioned  make  only  butt-weld  pipe  4"  and  under  in'diam- 
eter,  while  the  Page-Hersey  Company  also  makes  lap-weTd 
pipe  ranging  from  about  4"  to  10"  in  diameter. 

reoorTed  Tl  ^^'^^f  ^""  ^^  ^'■^"^h t  pipe  on  Canada  has  not  been 
reported,  but  may  be  estimated  fairly  closely  from  the  tonnage 
of  skelp  imported  by  these  manufacturers.  The  imports  in  recent 
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years  of  "wrought  pipe  not  over  4"  in  diameter,"  have  been  as 
follows : 

Year  Ending  March  Imports — Value 

1913 $486,067 

1914 375,012 

1915 144,309 

1916 117,588 

1917 368,521 

Skelp 

Imports — N.T. 
Dutiable      Free — Not 
Year^Ending  March  General         over  4%' 

1913 112,996  1,033 

1914 101,036  560 

1915 94,317  372 

1916 95,240         

1917 66,244  1,684 

Practically  all  this  skelp  is  made  from  bessemer  steel  and  is 
imported  from  the  United  States.  It  is  all  rolled  on  special 
skelp  millsconsistingof  about  ten  stands  of  continuous  rolls  like  a 
continuous  sheet  bar  or  billet  mill.  For  the  heavier  grades  of 
skelp  the  slabs  or  sheet  bars  from  which  it  is  rolled  are  first  broken 
down  in  a  small  universal  mill.  The  larger  sizes  of  skelp  are 
rolled  entirely  on  small  universal  mills.  The  annual  capacity  of 
such  mills  would  run  from  75,000  to  175,000  tons.  No  doubt 
one  mill  would  be  able  to  furnish  the  greater  part  of  the  sizes 
used  in  Canada,  namely,  for  pipe  from  2"  to  10"  in  diameter 
Sizes  of  skelp  for  pipe  smaller  than  2"  can  be  rolled  on  bar  mills, 
but  there  is  none  of  the  continuous  type,  rolling  small  flats,  bands, 
or  skelp,  in  Canada. 

The  greater  tonnage  of  tubing  which  is  imported  into  Canada 
at  present  is  large  lap-weld  pipe  over  4",  of  which  a  great  quantity 
is  used  for  gas,  oil,  and  mining  purposes. 

The  total  value  of  imported  "wrought  pipe  over  4""  has 

been: 

Imports — Value 

Year  Ending  March                      Total      Over  4"  up  to  OverlO" 

10" 

1913 $1,586,452  

1914 698,186  

1915 384,122     190,201  193,921 

1916 238,288      85,882  152,406 

1917 373,803     312,297  61,506 
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Since  1915  separate  returns  have  been  made  for  pipe  over 
lU    ni  diameter. 

latter  15  /,  general  tariff,  due  to  the  lower  cost  of  production  per 
ton  of  large  sizes  of  pipe.  The  imports  of  this  class  of  material 
have  decreased  so  rapidly  that  there  is  little  room  for  doubt  that 
Canadian  mills  will  gradually  furnish  the  whole  of  the  tonnage 
needed  in  Canada  where  there  are  not  as  many  grades  and  thick- 
nesses required  as  in  the  United  States. 

The  above  classes  cover  what  is  known  as  standard,  extra 
heavy,  double  extra  heavy,  oil  country,  line  and  drive  pipe  used 
extensively  m  mining    and  development  work  in   the  United 

Boiler  Tubes.-These  are  not  manufactured  at  all  in  Canada, 
but  have  been  imported  in  considerable  quantities  from  England 
iron       H   ^"^^^^^^^^--     They  are   made   from   extra   refined 
iron  and  very  soft  steel,  and  are  generally  lap-welded,  although 

duty"'  ^°'''°"  ''  ''^"'^'''"     ^^'^  ^''  ^""P^"'"^  ^^""  ^^ 

The  value  of  imports  for  the  last  five  years  has  been: 

Year  Ending  March  "        t^       .      .r  , 

19,3  Imports — Value 

1914 $903,016 

191  c 886,699 

1916 356.992 

1917 364,143 

1,119,222 

C.nZ^^  '^^'"f  ^'^''  ''"^""^  ^"  P°'"'  °^  ^"^"^^ty  "^PO^ted  into 
Canada  is:      Iron   or  steel    tubing,  plain,   galvanized,   riveted 
corrugated  or  otherwise  specially  manufactured." 

The  value  of  the  imports  of  this  class  of  pipe  for  the  last 
four  years  has  been: 

Year  Ending  March  t^^„  ^      ,,  , 

J9J3  Imports — Value 

1914 $1,014,005 

1915 1,325,069 

1916 395,026 

1917 287,716 

228,094 

In  this  class  is  included  all  kinds  of  fabricated  pipe  such  as 
culvert,  dram,  locked  joint,  spiral,  riveted,  chimney  pipe    etc! 
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The  rate  of  duty  is  30%  under  the  general  and  20%  under  the 
preferential  tariff,  the  greatest  proportion  being  imported  from 
the  United  States.  Pipe  of  this  class  is  never  made  by  steel  plants 
or  rolling  mills  but  is  the  product  of  smaller  manufacturers 
making  a  wide  variety  of  fabricated  goods  from  sheet  steel  and 
plates.  This  also  applies  to  "iron  tubing  brass  covered,  imported 
by  manufacturers  of  iron  and  brass  bedsteads,"  of  which  the 
imports  also  represent  a  considerable  sum  annually. 

The  establishment  of  skelp  mills  by  one  or  other  of  the  steel 
plants  in  Canada  will  no  doubt  lead  to  an  increase  in  the  number 
of  tube  mills,  producing  a  greater  variety  of  pipes  and  tubes  than 
are  now  made.  The  duty  of  30%  to  35%  on  pipe  up  to  10"  is  a 
fair  measure  of  protection  to  encourage  the  establishment  of 
mills  equipped  to  make  the  other  classes  of  pipe,  including  boiler 
tubes  required  in  Canada. 

"Fittings  of  iron  and  steel"  for  pipe  of  all  descriptions  are  im- 
ported in  enormous  quantities,  The  value  of  the  imports  in  the 
last  five  years  has  been: 

Year  Ending  March  Imports — Value 

1913 Sl,266,171 

1914 1,020,564 

1915 729,472 

1916 452,345 

1917 718,694 

An  immense  variety  of  fittings  for  all  classes  of  pipe  are  in- 
cluded under  this  heading,  namely,  cast  iron  of  all  sizes  up  to  36", 
small  wrought  iron,  steel  and  malleable  fittings  for  wrought  pipe, 
also  all  the  miscellaneous  joints  and  fittings  required  for  fabri- 
cated pipe.  A  very  large  proportion  of  these  fittings  w^ould 
comprise  valves  of  every  description,  of  which  there  is  an  immense 
variety  imported  into  Canada.  This  branch  of  business  is 
suited  to  manufacturers  especially  equipped  to  undertake  it 
and  not  for  steel  makers. 

Wire  Rods 

These  are  made  in  Canada  by  two  concerns,  namely,  The 
Dominion  Iron  &  Steel  Company,  and  The  Steel  Company  of 
Canada,  Limited. 

The  former  company  installed  its  mill  in  1904,  and  in  the 
year  1913,  built  wire  and  nail  departments  in  order  to  utilize  its 
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surplus  of  wire  rods.  The  latter  company  started  to  produce 
rods  in  1913,  and  now  furnishes  a  large  tonnage  of  wire  rods  to 
the  manufacturers  of  wire  for  sale  or  for  making  wire  nails. 

The  production  and  consiamption  of  wire  rods  for  the  past 
four  years  is  given  in  the  following  table : 

Production  of  Wire  Rods,  Gross  Ton 


Production 

Imports 

Total  Used 

Production 

Production 

(Incl.  Exp.) 

%  of  Used 

%  of  Cap. 

1911 

76,617 

85.2 

1912 

64,082 

83, '850 

147,932 

43^3 

71.2 

1913 

68,048 

62,800 

130,848 

52 

46.5 

1914 

59,050 

58,900 

117,950 

50 

32.8 

1915 

114,829 

61,900 

176,729 

65.1 

63.9 

1916 

174,490 

52,280 

226,770 

77.0 

97.0 

It  will  be  observed  that  in  the  year  1913,  when  the  second 
rod  mill  was  established  at  Hamilton,  the  total  production  of  the 
Dominion  did  not  increase  to  any  great  extent,  and  in  1914,  was 
actually  less  than  during  any  of  the  preceding  three  years. 
However,  the  tonnage  of  wire  rods  imported  was  decreased 
considerably,  and,  during  the  year  1915,  65%  of  the  total  con- 
sumption of  the  country  was  produced  in  Canada,  while  the  per- 
centage of  capacity  at  which  Canadian  mills  were  able  to  operate 
increased  considerably  over  that  of  either  of  the  preceding  two 
years. 

Of  the  wire  rods  imported  from  the  United  States,  a  consider- 
able quantity  was  used  by  manufacturers  of  chain,  but  a  large 
proportion  was  also  imported  by  manufacturers  of  wire  and  wire 
nails  for  use  in  their  own  factories,  on  account  of  the  extremely  low 
prices  at  which  wire  rods  were  obtainable  during  the  past  few 
years,  A  considerable  tonnage  was  also  imported  for  the  manu- 
facture of  wire  products,  which  were  afterwards  exported, 
especially  since  the  year  1914, 

The  export  trade  in  wire  and  wire  products  has  developed 
enormously  since  that  time  especially  between  Canada  and  the 
United  Kingdom  and  other  British  possessions.  The  duty  of 
$3.50  per  net  ton  on  wire  rods  was  granted  from  July  1st,  1914, 
and  has  already  proved  a  material  benefit  to  the  rod  makers, 
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without  apparently  att'ecting  the  manufacturers  of  wire  and  wire 
nails.  At  the  present  time  practically  all  the  wire  nails  used  are 
made  in  Canada,  a  condition  which  has  existed  for  some  time 
owing  to  the  duty  of  60c.  per  keg.  The  following  table  shows  the 
production  and  imports  of  wire  nails  for  the  past  five  years: 

Production  oj  Wire  Nails  in  Canada 

Production 
%  of  Cap. 
Production  Imports  Total  Used     (1915  capa- 

Kegs  100  lb.        Cut  Nails       Wire  Nails   and  Exported         city 

2,000,000) 

1912  1,490,000     13,594     47,813     1,551,407      77 

1913  1,520,000      3,867      31,141     1,555,008      78 

1914  1,144,000      4,689      19,379     1,168,068      58 

1915  1,636,000        315     10,617     1,646,932      82 

1916  1,757,000      4,600      86,872     1,848,472      92 

In  addition  to  wire  rods  imported  by  manufacturers  of  wire 
for  conversion  in  their  own  factories,  a  tonnage  of  wire  almost  as 
large  has  also  been  imported  direct  by  consumers  as  is  shown  in 
the  following  table  giving  the  imports  of  the  more  important 
classes  for  the  past  five  years. 

Imports  of  Wire 
12  Months  to  March  1913         1914         1915         1916         1917 

FREE 

Bessemer  and 'Homo  spring  wire        1,014  925  576  980        1,631 

Barbed  wire 22,306      11,764      16,270      19,467      22,621 

9-12-13  Ge.  galv.  wire 41,169      35,960     37,912      35,297      18,843 

Totalfree 64,489      48,649      54,758      55,744      43,095 

DUTIABLE 

Wire  of  all  kinds,  n.o.p.  (20%) .  .  5,909  5,228  3,435  2,978  4,111 
Woven  wire  cloth  and   netting 

(30%) 1,770        2,498        2,118        2,000  1,170 

(Est.)  (Est.) 
Wire  fencing  between  9  and  14 

Ge.  (15%) 827          699          911        1,000  312 

Total  dutiable 8,506       8,425       6,464       5,978       5,893 

(Est.)  (Est.) 
Total  dutiable  and  fre^-N.T...      72  995      57,074      61,222      61,722      48,988 

It  will  be  noted  that  the  bulk  of  this  tonnage  enters  free 
in  the  shape  of  wire  for  fencing,  and  for  the  manufacture  of 
woven  wire  fence,  also  for  telephone  and  telegraph  lines,  etc. 
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The  tonnage  of  free  wire  imported  forms  85%  to  90%  of  the 
total  imports.  If  the  total  imports  of  wire  are  added  to  the  total 
consumption  of  wire  rods  as  given  in  a  previous  table,  it  will 
afford  an  idea  of  the  approximate  total  tonnage  of  wire  products 
of  all  kinds  consumed  in  Canada.    The  figures  are: 


Total  Rods  used  plus 

i  Nails 

%  made  from 

and  Wire  imported— 

-N.T. 

Can.  Rods 

1912 

286,600 

22.4 

1913 

229,900 

29.6 

1914 

212,600 

27.8 

1915  (Est.) 

270,300 

41.5 

1916  (Est.) 

390,900 

44.7 

It  is  evident  from  a  consideration  of  the  figures  presented  in 
the  foregoing  tables,  so  far  as  the  bulk  of  the  products  manu- 
factured by  the  primary  or  basic  iron  and  steel  industries  of 
Canada  are  concerned,  that  their  present  equipment  and  capacity 
is  a  great  deal  more  than  sufficient  to  supply  the  total  demand  for 
these  products  in  Canada;  and  that  important  and  valuable 
opportunities  are  presented  Canadian  manufacturers  to  supply 
a  considerable  proportion  of  the  products  which  are  now  imported 
wholly  from  foreign  countries,  provided  that  they  can  obtain  the 
necessary  protection  and  support  to  engage  in  this  business 
with  a  reasonable  assurance  of  profit. 


Comparison  of  Cost  of  Production  of  Iron  and  Steel  in 
Canada  and  The  United  States. 

The  bulk  of  the  export  trade  of  the  United  States  in  iron  and 
steel  products  has  been  developed  from  the  beginning  and  is  now 
being  carried  on  extensively  and  principally  by  the  United  States 
Steel  Corporation,  the  greatest  undertaking  of  the  kind  in  point 
of  size,  resources  and  variety  of  products  in  the  world,  and  other 
large  concerns  located  in  the  Buffalo,  Cleveland,  Youngstown, 
Pittsburgh  and  Chicago  districts. 

The  United  States  Steel  Corporation,  as  is  well  known,  owns 
vast  ore  deposits  in  the  Lake  Superior  region  with  which  its  plants 
in  these  districts  are  supplied.     It  also  owns  and  operates  the 
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mining  railroads  which  transport  the  ore  to  the  upper  lake  ports, 
the  boat  lines  which  carry  ore  to  the  lower  lake  ports  and  the 
railroads  which  take  the  ore  from  the  vessel  to  tiie  blast  furnaces. 
All  the  other  principal  independent  companies,  practically 
own  and  control  their  supply  of  ore  as  well  as  vessels  transporting 
it  on  the  Great  Lakes.  Those  iron  and  steel  industries  that  are 
not  so  fortunately  situated  in  this  respect  are  forced  to  buy  their 
ore  in  the  open  market,  where  a  very  large  proportion  of  the  total 
ore  consumed  is  sold  each  year  by  mining  companies  that  do  not 
own  blast  furnaces  or  are  not  financially  associated  with  blast  fur- 
nace interests.  The  market  price  of  ore  is  fixed  each  fall  for  the 
succeeding  year,  and  the  prices  of  various  grades  sold  by  different 
mines  are  based  on  four  standard  grades,  namely.  Old  Range, 
Bessemer  and  Non-Bessemer ;  and  Mesabi,  Bessemer  and 
Non-Bessemer.  The  metallic  contents  of  these  ores  is  taken 
as  a  standard  and  the  price  of  all  other  ores  is  adjusted  according 
to  their  variation  from  this  standard  in  metallic  contents, 
phosphorus  and  moisture. 

The  published  prices  for  the  last  seven  years  of  these  four 
grades,  which  are  based  on  delivery  at  Lake  Erie  docks,  have  been 
as  follows: 


Frt.  Rate 

G.T.  to  Lake 

Old  Range 

Mesabi 

Erie 

Bess. 

Non-Bess. 

Bess. 

Non-Bess. 

Ports 

1910 

S5.20 

$4.20 

$4.75 

$4.00 

$0.55 

1911 

4.50 

3.70 

4.25 

3.50 

.50 

1912 

3.75 

3.00 

3.50 

2.85 

.40 

1913 

4.40 

3.60 

4.15 

3.40 

.45 

1914 

3.75 

3.00 

3.50 

2.85 

.40 

1915 

3.75 

3.00 

3.45 

2.80 

.40 

1916 

4.45 

3.70 

4.20 

3.55 

.50 

The  standard  iron  content  for  Bessemer  ores  is  55%;  for 
non-Bessemer,  51.50%. 

As  all  the  figures  in  this  paper  relative  to  production,  imports, 
and  manufacturing  capacities  of  plants  are  for  the  years  1911-1915 
inclusive,  the  average  of  the  ore  prices  for  these  years  may  be 
taken  as  representing  the  normal  price  during  that  period.  This 
average  is  $3.08  per  G.T.  for  Mesabi  iron  ores  unloaded  on  Lake 
Erie  dock. 

The  comparative  costs  of  making  pig  iron  and  steel  in 
the  various  processes  of  manufacture  from  pig  iron  to  the  finished 
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product,   may  now  be  considered,  and   in  this  connection  the 

estimated  cost  of  mining  and  transporting  Mesabi  ore  to  Lake 

Erie  ports  in  the  years  1910  and  1915,  respectively,  is  given  in 

the  following  table: 

1910  1915 
Cost  of  ore  at  mine,  including  labour,  expense,  depre- 
ciation and  royalty fl.23  $1.23 

Railway  freight .41  .40 

Lake  freight .62  .40 

Total  cost  lower  lake  ports $2 .  26  $2 .03 

Quoted  market  price 4.00  2.80 

Profit 1.74  .77 


The  freight  rates  for  the  year  1910  as  shown  represent  the 
net  transportation  costs  of  the  United  States  Corporation, 
using  its  own  railroads  and  lake  vessels,  whereas  in  1915,  the  lake 
freight  charge  of  40c.  is  the  open  market  contract  price.  Taking 
the  average  of  these  two  costs  at  lower  lake  ports  as  $2.15  and 
comparing  it  with  average  market  price  of  $3.08  for  the  5-y2ar 
period,  the  average  price  paid  in  the  open  market  by  companies 
not  controlling  their  own  ore  mines  has  been  93c.  above  that  of  the 
Steel  Corporation  and  other  large  United  States  companies. 
In  addition  to  this  difference,  it  should  be  pointed  out  that  the 
average  freight  rates  given  above  would  include  a  profit  of  not 
less  than  15c.  a  ton  on  ore  to  companies  owning  their  own  mines, 
railroads,  and  lake  vessels.  It  seems  fair,  therefore,  to  assume 
that  small  concerns  which  buy  their  ore  in  the  market — and  in 
this  category  are  included  all  the  Ontario  iron  and  steel  plants 
using  ores  imported  from  the  United  States — have  to  pay  over 
$1.00  per  ton  on  ore  more  than  the  large  American  companies. 
Assuming  that  an  average  of  two  tons  of  ore  is  required  to 
make  one  ton  of  pig  iron,  the  difference  in  increased  cost  of  pig 
iron  for  ore  alone  is  therefore  at  least  $2.00. 

Most  of  the  large  concerns  in  the  United  States  also  own 
coal  mines  from  which  is  obtained  all  the  coal  required  by  them 
for  coking,  miscellaneous  heating,  and  steam  purposes.  These 
coal  lands  are  situated  in  Ohio  and  Pennsylvania  where,  in  the 
Connellsville  region  mainly,  the  better  grade  of  coal  is  found. 
These  fields  are  in  easy  reach  of  Pittsburgh,  and  the  cost  of 
transportation  on  coal  is  therefore  very  small.    The  greater  part 
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of  the  coal  is  brought  to  the  coke  ovens  at  the  blast  furnaces  for 
coking.  Coal  used  in  the  Chicago  district  is  brought  partly  from 
Pennsylvania  and  partly  from  Illinois  and  Indiana.  This  coal  is 
high  in  ash  and  volatile  matter,  and  must  be  mixed  with  the 
better  grade  of  coal  from  the  Connellsville  and  Pocohontas 
region.  It  has  been  found  that  the  average  selling  price  of  coke 
for  the  5-year  period,  1910-1915,  was  about  S2.00  per  N.T. 
at  ovens,  and  the  average  cost  to  the  U.S.  Steel  Corporation 
was  about  SI. 60.  For  the  purpose  of  estimating  the  present  cost 
of  pig  iron,  a  profit  of  25c  per  ton  has  been  assumed.  The  total 
profit  on  ore  and  coke  per  ton  of  iron  would  therefore  be  $2.40.  It 
is  apparent,  therefore,  that  the  cost  of  transportation  of  ore  and 
coal  or  coke,  is  a  ver>'  large  factor  in  the  cost  of  production  of  pig 
iron,  and  the  total  cost  of  assembling  raw  materials  is  the 
deciding  feature  affecting  the  econom.ic  location  of  blast  fur- 
naces. 

The  freight  rates  on  ore  and  coal  from  Lake  Superior  mines 
to  blast  furnaces  at  three  Ontario  points  and  in  the  three  prin- 
cipal American  districts  are  tabulated  hereunder.  The  three 
Canadian  plants  located  in  Ontario  are  selected  for  reference 
because  they  are  principally  concerned  in  the  competition 
originating  from  the  United  States,  especially  on  account  of 
drawing  their  supply  of  ore  and  coal  from  the  same  districts  as 
do  the  American  furnaces. 

Freight  Rates  and  Total  Assembling  Cost  on  Ore  and  Coke 

Freight  on  Ore  (G.T.)  Freight  on  Coke  (N.T.) 

Per  Rail  and  Boat  Total  Cost 

Rail  and       ton  per  ton  Iron  per  ton  Iron 

Lake     Handling      Iron  (Basic)   (Fdry.)  (Fdry.)  (Basic) 

SaultSte.  Marie...S0.30       $0.10       $0.80  S2.20     $2.64  $3.44     $3.00 

Hamilton 40           .65         2.10  2.40       2.88  4.98       4.50 

Port  Colborne 40           .10         1.00  2.40       2.88  3.88       3.40 

Buffalo 40           .10         1.00  1.85       2.22  3.22       2.85 

Pittsburgh 40           .88         2.55  .75         .90  3.45       3.30 

Chicago 40           .10         1.00  2.00       2.40  3.40       3.00 

Fdry.     Basic 
Average  cost  at  Sault  Ste.  Marie,  Hamilton  and  Port  Colborne.     $4.10     $3 .  63 
Average  cost  at  Buffalo,  Pittsburgh  and  Chicago 3 .  36       3 .05 

Sault  Ste.  Marie,  Port  Colborne,  Buffalo  and  Chicago  are 
all  lake  points  and  the  rail  haul  to  the  blast  furnaces  is  therefore 
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negligible.  A  charge  of  10c.  for  switching  and  unloading  has  been 
assumed  as  the  approximate  cost  of  handling  at  these  points. 
The  total  freight  charge  on  ore  per  ton  of  iron  is  based  on  the 
estimated  consumption  of  two  tons  of  ore  per  ton  of  iron.  The 
freight  on  coke,  in  the  case  of  Sault  Ste.  Marie,  includes  the 
cost  of  a  rail  haul  to  Buffalo  and  boat  to  the  Sault;  while  in  the 
case  of  Chicago,  the  freight  rate  is  based  on  an  estimate  of  the 
proportion  of  coal  brought  from  Pennsylvania  together  with  that 
mined  in  Illinoisand  Indiana.  The  freight  rate  on  coke  per  tonofiron 
IS  based  on  1.2  tons  of  coke  to  one  of  iron,  which  equals  2,400  lb. 
per  G.T.  of  pig  iron.  This  practice  is  based  on  the  average  con- 
sumption of  coke  per  ton  of  iron,  in  the  past  four  years,  reported 
by  the  American  Iron  &  Steel  Institute. 

Companson  of  Cost  of  Basic  and  Foundry  Pig  Iron  in  the  United 
States  and  Canada. 

United  States  Canada  Difference 

Price  per  ton  ore  at  lower  lake  ^^"ndry  Basic  Foundry  Basic  Foundry 

Less  lake  freight 40  .40  .40  .40       .  .  .' .'        ;" 

Price  at  upper  lake  ports....     $2.68     $2.68     $2.68     $2  68 

Price  of  coke  at  Connellsville  o     *z  .uo       

P°y^"f ••. 2.00  2.00  2.00  2.00 

Cost  of  ore  per  ton  of  iron...  5.36  5.36  5.36  5  36  

<^ost  ot  coke  per  ton  of  iron. .  2 .00  ^40  2  00  2  40  

Assembling   cost   of   ore   and  

''''^^ 3-05       3.36      3.63      4.10    $0.58    $0.74 

Cost  of  ore  and  coke  per  ton 

°^'™" $10.41  $11.12  $10.99  $11.86  $0.58  $0.74 

Furnace  conversion  cost 

YS^^T^-- ^^-^^     $0-55     $0.55     $0.60       .... 

of^^""^ 55         .55         .80  80 

Steam 35  35  ^q         •  °"       

Surplus  gas  credited .'        (:55)  (.■55)  (.'85)  ('SS)  

Repairs  and  maintenance....           10  10  15  is 

Supplies  and  expense 35  .35  .'70  '70  

Kelining  fund 18  18  25  25  

Contingent  fund .05  .05  .05  .05  \\\ 

Total  conversion $1.53     $1.58     $2.35     $2.40  "$0^  1^ 

Us?'p?orL''e°"andcoke  '''  ''  ^''■''  ^"^^  $"^^  ^^^  "^T^ 

'"^•"^"^ _^  _^  __^  __^  __2^       2.50 

$9.54  $10.20       $3.80  H06 
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Comparison  of  Cost  of  Basic  and  Foundry  Pig  Iron  in  the  United 
States  and  Canada — Continued. 
Considering  difference  in  assem- 
bling cost,  total  cost  would  be: 

Sault  Ste.  Marie 

Hamilton 

Port  Colborne 

Buffalo $9.34  $10.06 

Pittsburgh 9.79     10.29 

Chicago 9.49     10.24 

Extra  for  benzol  by-products  70c. 


Credit  for  coke  by-products 
$12.51  $13.36     §1.40 
15.14 
14.04 


14 


21 


1.45 
1.40 
1.35 
1.25 
1.40 


1.75 
1.70 
1.65 
1.50 
1.70 


United  States 


Selling  Prices 
fl912.., 
11913.., 
Average  ■^1914... 
[1915... 
11916... 
1912.. 


Minimum 


1913. 

1914. 

1915. 

[1916. 


Basic 
(Valley) 
$13.90 
14.77 
12.80 
13.78 
19.87 
12.26 
12.83 
12.50 
12.50 
17.88 


Foundry 
(Buffalo) 
$14.89 
14.87 
12.84 
13.98 
20.63 
13.62 
13.07 
12.08 
12.44 
18.00 


Canada 
Basic  Foundry 


Average  price  of  all  kinds 
of  Pig  Iron  Imported  into 
Canada  12  months  end- 
ing March  31st. 


1914 

$14.10 

1915 

15.15 

1916 

13.80 

1917 

24.80 

Comparative  Cost  of  Open  Hearth  Ingots,  Gross  Ton 


United 
States 

Cost  of  basic  pig  iron  per  G.T $9 .  54 

Per  cent  of  pig  iron   used 55% 

Per  cent  of  scrap  used  at  $11.00  per  G.T. . .  40% 
Per  cent  of  ore,  cinder  and  scale  used  at  $5.00 

per  G.T : 5% 

100% 
Cost  of  materials  used 

Pig  iron $5.25 

Scrap 4.40 

Ore,  cinder  and  scale .25 

$9.90         $11.91 
Lbs.  of  steel  ingots  produced  from  100  lb. 

charge 89  1b 

Cost  per  G.T.  ingots $11 .  10 

Reagents  (Ferro-alloys,  etc.) .35 

Limestone  and  fluxes .15 

Fuel .651 

Labour .65 

Moulds  and  stools .10 

Materials  in  repairs  and  maintenance .10 

Supplies  and  expense .50 

Rebuilding  fund .35 

Total  conversion. $2 .  85 

Total  cost  of  open  hearth  ingots  per  G.T.  $13 .95 
^Natural  gas.          ^p^od.  gas. 


Canada  Difference 
$13.34 

45% 
53% 

2% 

100% 

$5.98 

5.83 

.10 


89  1b. 
$13.40 

.40 

.20 
1.602 
1.00 

.15 

.15 

.85 

.55 

$4.90 


$2 


$18.30  $4.35 


30 


05 
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Eslimaled  Cost  of  Structural  Shapes  {Over  35  Lb.   per  Lin.   Yd.) 


United 
States 

Cost  of  ingots  per  G.T $13 .95 

Lbs.  of  ingots  per  100  lb.  of  blooms 1 15  lb. 

Lbs.  of  scrap  recovered  for  100  lb.  of  blooms  12  lb. 

Cost  oj Blooms 

Cost  of  waste . ; $0.78 

Cost  of  labour .35 

Cost  of  fuel .15 

Expenses .45 

$1.73 

Total  cost  of  blooms $15 .  68 

Cost  of  Rolled  Shapes 

Lbs.  of  blooms  used  for  100  lb.  of  shapes.  .  118  lb. 

Lbs.  of  waste  recovered  for  100  lb.  of  shapes  15  1b. 

Cost  of  waste $1.17 

Cost  of  labour 1.75 

Cost  of  fuel .20 

Expenses 1 .  65 

$4.77 

Total  cost  of  structural  shapes,  per  G.T. . .  .         $20.45 
Total  cost  of  structural  shapes  per  100 lb.  . .  .913 


Canada  DifTerence 

$18.30 
115  lb. 
12  lb. 

$4.35 

$1.43 

.50 

.50 

1.00 

$3.43 

$1.70 

$21.73 


118  1b. 
15  1b. 

p.  27 

2.50 

.65 

2.25 


$29.40 
1.315 


1.05 


.67        $2.90 


3.95 
.402 


Selling  Prices — (Pittsburgh  Base) 

Average  Minimum 

1912  $1.30  $1.11 

1913  1.42  1.24 

1914  1.16  1.05 

1915  1.30  1.10 

1916  2.50  1.87 


Average  Price  of  Imports  from 

United  States 

Year  ending  March  1913  $1 .33 

Year  ending  March  1914  1 .41 

Year  ending  March  1915  1 .  28 

Year  ending  March  1916  1.50 

Year  ending  March  1917  2.76 


Estimated  Cost  of  Large  Billets,  Gross  Ton 

United 
States 

Price  of  ingots  per  G.T $13 .95 

Lbs.  of  ingots  used  per  100  lb.  of  billets  ...  115  lb. 

Lbs.  of  scrap  recovered  per  100  lb.  billets  ...  12  lb. 

Cost  of  waste $  .78 

Cost  of  labour .50 

Cost  of  fuel .20 

Expenses .75 

$2.23 

Total  cost  of  large  billets  per  G.T $16 .  18 


Canada   DifTerence 

$18.30 

$4.35 

115  1b. 

12  1b. 

$  1.43 

.70 

.50 

1.25 

$3.88 

$1.65 

$22.18 


$6.00 
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Cost  of  Small  Billets,  Gross  Ton 

(Re-rolled  direct  from  large  billets) 

Price  of  large  billets $16.18  §22.18          $6.00 

Lbs.  of  large  billets  used  per  100  lb.  of  small 

billets 103  1b.  103  1b. 

Lbs.  of  scrap  recovered  per  1 00  lb.  sm'l  billets                  3  lb.  3  lb. 

Cost  of  waste $0.16  $0 .  33 

Cost  of  labour .30  .55 

Cost  of  fuel ....  .... 

Expenses .40  .60 

$0.86  §1.48          $0.62 

Total  cost  of  small  billets  per  G.T $1 7 .  04  $23.66          $6 .  62 


Estimated  Cost  of  Merchant  Bars,  Gross  Ton 

(Base  sizes  including  small  structural  shapes) 

Average  cost  of  large  and  small  billets  G.T.  $16 .  61       $22 .  92 

Lbs.  of  billets  used  per  100  lb.  of  bars 115  1b.          115  1b. 

Lbs.  of  scrap  recovered  per  100  lb.  of  bars.  12  lb.            12  lb. 

Cost  of  waste $1.17         $2.12 

Cost  of  labour 2.25             4.00 

Cost  of  fuel .35               .60 

Expenses 1.30            2.75 


Total  cost  of  merchant  bars  per  G.T . . . 
Total  cost  of  merchant  bars  per  100  lb. 


$5.07 

$21.68 
.968 


$9.47 

$32.39 
1.44 


1.31 


$4.40 

$10.71 
.472 


Merchant  Bars 

Selling  Price  (Pittsburgh  Base) 
Average     Minimum 


Average  Price  of  Imports  of  Merchant  Bars 
(Including  extras) 
All 


1912 
1913 
1914 
1915 
1916 


$1.25 
1.38 
1.15 
1.31 
2.48 


$1.10 
1.22 
1.05 
1.10 
1.87 


Year  to  March,  1913 
Year  to  March,  1914 
Year  to  March,  1915 
Year  to  March,  1916 
Year  to  March,  1917 


Countries 
$1.45 
1.55 
1.44 
1.81 
2.65 


United 
States 
$1.40 
1.50 
1.40 
1.81 
2.65 


Large  Billets  (Per  G.T.) 


1912 
1913 
1914 
1915 
1916 


22.74 
25.56 
20.08 
23.14 
45.02 


19.40 
20.00 
19.00 
19.00 
35.50 


Average  Price  of  Imports  of  Light 
Structural  Sections 

Year  to  March,  1913  1.40  1.40 

Year  to  March,  1914  1.96  1.96 

Year  to  March,  1915  1 .34  1 .33 

Year  to  March,  1916  1.51  1.51 

Year  to  March,  1917  2 .  79  2 .  79 


Estimated  Cost  of  Sheared  Plates,  Gross  Ton 


United 

States        Canada  Difference 

Cost  of  ingots  per  G.T $13.95         $18.30  $4.35 

Lbs.  of  ingots  used  per  100  lb.  of  slabs 119  lb.         119  lb 

Lbs.  of  scrap  recovered  per  100  lb.  of  slabs, 
at  $11.00  per  G.T 15  lb.  15  lb 


DUSTRIES  IN  CaNADA- 

-WlIITTON 

Cost  of  Slabs 

$1.01 

$1   83 

.40 

.55 

.101 

.502 

.40 

1.00 
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Cost  of  waste 

Cost  of  labour 

Cost  of  fuel 

Expenses 

$1.91 

Total  cost  of  slabs $15.86 


$22.18 


$1.97 


».32 


Cost  of  Plates 


Lbs.  of  slabs  used  per  100  lb.  of  sheared 

plates 131  lb. 

Lbs.    of    scrap    recovered  per     100    lb.    of 

sheared  plates  at  $11.00  per  G.T 29  lb. 

Cost  of  waste $1 .  73 

Cost  of  labour 1 .90 

Cost  of  fuel .301 

Expenses 1.45 

$5.38 

Total  cost  of  sheared  plates  per  G.T $21 .  24 

Total  cost  of  sheared  plates  per  100  lb .948 


131  lb. 
29  1b. 

$3.68 
2.50 
.502 
2.00 

$8.68 

$30.86 
1.38 


$3.30 

$9.62 
.432 


Estimated  Cost  of  Universal  Plates,  Gross  Ton- 


Cost  of  slabs  per  G.T $15.86 

Lbs.  of  slabs  used  per  100  lb.  of  plates 114  lb. 

Lbs.  of  scrap  recovered  per  100  lb.  of  plate..  12  lb. 

Cost  of  waste $     .90 

Cost  of  labour 1 .  45 

Cost  of  fuel .401 

Expenses 1.35 

$4.10 

Total  cost  of  universal  plates  per  G.T $19 .96 

Total  cost  of  universal  plates  per  100  lb .892 


$22.18 

114  1b. 

12  lb. 

1.78 

2.00 

.502 

1.90 


;.32 


$6.18 

P8.36 
1.265 


$2.08 

$8.40 
.373 


Selling  Prices — United  States 
(Base) 
Average     Minimum 


Average  Price  of  Imports  into  Canada 


1912 
1913 
1914 
1915 
1916 


&1.30 
1.41 
1:14 
1.29 
2.82 


iNatural  Gas. 
2 Prod.  Gas. 


n.n 

1.20 
1.05 
1.10 
1.90 


Year  to 

March 

31st 

1913 
1914 
1915 
1916 
1917 


Univ. 
Over  12" 


1.32 
1.41 
1.46 
1.79 

3.27 


Not  Less 
30"  X  }4" 


1.37 
1.47 
1.49 
1.66 
3.30 


Boiler 

Plates 
Not  Less 
30"  X  H" 

1.54 

1.60 

1.40 

1.58 

3.79 
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Estimated  Cost  of  Wire  Rods,  Gross  Ton 

United 

States  Canada  Difference 

Small  billets $17.04  $23.66  $6.62 

Waste  (105%  of  billets  used) .53  .85             

Labour 1 .  50  1 .  75  .... 

Fuel .35  .65 

Other  expenses 1.50  1 .  60  .... 

$3.88  S4.85  $0.97 

Cost  of  wire  rods  per  G.T $20.92         $28.51  $7.59 

Selling  Price  (Pittsburgh)  Imports  of  Rods  (Not  Over  %") 

Average         Minimum  Year  to  N.T.  Price  per 

March  G.T. 

1912  S26.15  $24.75  1913  91,919  $26.10 

1913  28.39  25.25  1914  69,806  27.10 

1914  25.50  24.50  1915  65,587  25.00 

1915  28.26  24.80  1916  61,750  30.60 

1917  52,300  56.00 


Estimated  Cost  of  Black  Sheets,  Gross  Ton 

Canada  Difference 


United 
States 


Cost  of  ingots  per  G.T 

Lbs.  of  ingots  used  per  100  lb.  of  sheet  bars.. 

Lbs.  of  scrap  recovered  per  100  lb.  of  sheet. 

bars 


$13.95          $18.30          $4.35 
115  1b.         115  1b 


12  1b. 


12  1b. 


Cost  of  Sheet  Bars 


Cost  of  waste . 
Cost  of  labour . 
Cost  of  fuel . . . 
Expenses 


$0.78 

.85 

.30 

1.35 

$3.28 


$1.42 

1.30 

.50 

2.00 

$5.22 


'"o«;f  of  sheet  bars  per  G.T. 


$17.23        $23.52 


Cost  of  Black  Sheets 

Lbs.  of  sheet  bars  used  per  100  lb.  of  sheets..  116  lb. 

Lbs.  of  scrap  recovered  per  100  lb.  of  sheets.  15  lb. 

Cost  of  waste 1.12 

Cost  of  labour 12 .00 

Cost  of  fuel .60 

Expenses 3 .  90 


116  1b. 

151b. 

2.10 

15.00 

.90 

4.50 


$17.62        $22.50 


$1.94 
$6.29 


Cost  of  black  sheets  per  G.T $34.85 

Cost  of  black  sheets  per  100  lbs 1 .  555 


$46.02 
2.06 


Si. 88 

$11.17 
5.05 
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Selling  Price^( Pittsburgh  Base 
—28  Ge.) 


Average 

Minimum 

1912 

$2.00 

$1.80 

1913 

2.20 

1.85 

1914 

1.89 

1.80 

1915 

1.93 

1.74 

1916 

3.06 

2.65 

Average    Price   of    Imports    (14   Ge.   and 
thinner)  (F"rom  United  States) 


Year  ending  March  31,  1913  $2 .32 

Year  ending  March  31,  1914  2.43 

Year  ending  March  31,  1915  2 .  16 

Year  ending  March  31,  1916  2.25 

Year  ending  March  31,  1917  3.54 


Total  Freight  on  Ore,  Coke,  and  Foundry  Pig   Iron,  Gross    Ton 


From 

Freight  on  ore  and  coke  to  furnace, 

per  ton  of  iron 

Total  freight  to 

Head  of  Lakes 

Hamilton 

Toronto 

Montreal 


Sault  Ste. 
Marie 


6.44 
5.94 
5.69 
6.69 


Ham- 
ilton 


Pt. 
Colborne 


;.44         $4.98         $3. 


9.03 
4.98 
5.83 
6.98 


7.93 
4.88 
4.98 
6.03 


Buffalo 

$3.22 

7.27 
4.22 
4.32 
5.37 


Total  Freight  on  Ore,  Coke  and  Steel  Products,  Gross  Ton 
(Bars,  Plates,  Shapes,  etc.) 

(Based  on  3^  ton  of  pig  iron  to  1  ton  of  steel) 

T7i,r>,>T  Sault  Ste.     Ham- 

J^ROM  j^^^jg  jj^Qj^        Sydney 

Freight  on  ore  and  coke  to 

furnace  per  ton  of  steel . .  $1.50  $2.25  $0.25 

Total  freight  to 

HeadofLakes 4.86  6.17  8.87 

Walkerville 6.43  5.72  8.00 

Hamilton 9.56  2.25  7.31 

Toronto 9.56  4.04  7.09 

Montreal 6.43  5.83  4.95 

Export— Montreal  &  Hal.  5.28  (Mtl.)5.16  (Hal.)  3.05 

Export — iSew  York 5 .  54  .... 


ritts- 
burgh 

Chicago 

$1.65 

$1.50 

6.63 

6.48 

5.17 

5.02 

5.88 

5.73 

5.88 

5.73 

6.83 

8.56 

4.11 


6.20 


Total  Freight  on  Ore,  Coke  and  Wire  Products,  Net  Ton 


Buffalo 

From 

Ham- 

Sydney 

Pitts- 

and 

ilton 

burgh    ( 

Z^leveland 

Total  freight  on  ore  and  coke  to  fur- 

nace per  ton  of  steel . 

$2.25 

$0.25 

$1.65 

$3.22 

Total  freight  to 

Head  of  Lakes 

6.17 
5.16 
2.16 

8.87 
7.87 
7.31 

6.63 
5.88 
5.88 

5.96 

London 

6.51 

Hamilton 

6.51 

Toronto 

4.04 

8.08 

5.88 

7.24 

Montreal 

6.40 

4.95 

6.83 

8.44 

Export — Montreal  &  Halifax 

5.16(HaI.)3.05 

.... 

. , . , 

Export — New  York.  . 

5.54 

4.11 

5.68 

372      Iron  and  Steel  Industries  in  Canada — Whitton 

Freight  Rates 

Ore  per  G.T.  rail  Coke  per  N.T.  (or  Coal  per 

From                incl.  handling  ton  Coke) 

Boat  Rail 

To  Sault  Ste  Marie $0.30         SO.  10  $2.20 

Hamilton .60             .65  2.40 

Port  Colborne .40             .10  2.40 

Buffalo .40             .10  1.85 

Pittsburgh .40             .88  .75 

Chicago .40  .  10  (Penn).2.50  (111.  &  Ind.)1.20 

Sydney (Est.). 20           .10 

Pig  Iron — ( Per  G.T.) 

From  Sault  Ste.        Ham-  Port 

Marie  ilton       Colborne     Buffalo 

To  head  of  Lakes  (boat) $3.00  $4.05  $4.05  $2.45 

Hamilton 2.50  ....  1.00  1.32 

Toronto 2.25  .85  1.10  1.58 

Montreal 3.25  2.00  2.15  2.94 

Rail  from  head  of  Lakes  to  Winnipeg,  $3.01;  Calgary,  $9.00;  Vancou- 
ver, SI  1.20. 

Rolled    Steel  Products 
(Bars,  Plates  and  Shapes,  per  100  lb.) 

From  Sault  Ste.     Ham-  Pitts- 

Marie  ilton        Sydney       burgh         Chicago 

ToHeadof  Lakes  (boat..  15  17K  383^  22^  20 

Walkerville  (rail) 22  15^  35  15.7 

Hamilton  (rail); 18  ..  31^  18.9  18.9 

Toronto  (rail) 18  8  303^  18.9  18.9 

Montreal 

Export— Montreal....  22  13     (Hal.)12i^  19 

Export— New  York 14.7  ..  11  21 

Rail  from  head  of  Lakes  to  Winnipeg,  32c;  Calgary,  90c;  Vancouver,  65c. 


Wire  Products 
(Wire  nails,  etc.,  per  100  lb.) 

XT ,  Ham- 

From  ilton 

To  head  of  Lakes 17H 

London 13 

Hamilton 

Toronto 8 

Montreal '. 18^ 

Export — Montreal 13 

Export— New  York 14.7           ..               11               11 


Pitts- 

Sydney 

burgh 

Cleveland 

38J^ 

221^ 

UH 

34 

18.9 

14.7 

31^ 

18.9 

14.7 

301^ 

18.9 

17.9 

21 

23.1 

23.1 

(Hal.)12i^ 
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Discussion 

Mr.  F.  p.  Jones: — I  have  had  the  privilege  of  reading  Mr. 
Whitton's  paper,  and  I  wish  to  thank  him  for  the  trouble,  the 
thought,  and  the  work  he  has  put  into  the  effort.  In  point  of 
national  importance,  the  iron  and  steel  industry  occupies  a  pre- 
eminent position.  If  Canada  is  to  take  her  place  as  a  manufac- 
turing nation,  an  iron  and  steel  industry  is  a  pre-requisite. 
But  if  Mr.  Whitton's  calculations  and  statements  are  to  be 
accepted  as  correct,  I  fail  to  see  how  a  successful  iron  and  steel 
industry  can  be  established  in  Canada.  His  calculations  have,  I 
think,  been  made  on  a  wrong  basis.  First  of  all  he  takes  the 
production  of  pig  iron  in  Canada  during  1912,  as  913,000  tons  or 
77.7  per  cent  of  the  amount  Canada  consumed,  and  in  1913,  as 
1,015,000  tons  or  only  74.8%  of  the  Canadian  consumption. 
Here  Mr.  Whitton  has  represented  the  theoretical  producing 
capacity  and  not  the  actual.  Not  only  that,  we  have  a  number  of 
furnaces  in  Canada  that  are  not  equipped  to  operate.  Take  the 
Dominion  Iron  &  Steel  Company:  Mr.  Whitton  places  its  present 
capacity  at  550,000  tons  and  its  maximum  production  at  350,000 
tons.  I  contend  that  in  1913  Canada  produced  every  pound  of 
pig  iron  that  it  was  possible  for  her  manufacturers  to  turn  out, 
and  instead  of  77%  the  furnaces  were  operated  at  practically  full 
capacity.  As  to  the  figures  Mr.  Whitton  gives  in  connection  with 
producing  capacity,  we  have  no  actual  statistics  of  pig  iron  in 
Canada,  but  there  is  a  shortage  instead  of  a  surplus.  That  is 
shown  in  his  statistics  of  the  imports.  The  Steel  Company  of 
Canada  has  a  pig  iron  capacity  of  200,000  tons  and  can  use  every 
pound  of  their  own  pig  iron.  As  a  matter  of  fact,  the  Dominion 
Iron  &  Steel  Company  never  could  use  over  355,000  tons;  while 
the  Nova  Scotia  Steel  capacity  is  90,000  tons.  However,  to  be 
brief,  I  think  on  Mr.  Whitton's  own  figures  it  is  fair  to  assume 
that  we  are  not  in  a  position  to  market  pig  iron,  or  even  to  meet 
our  own  present  requirements. 

Then  as  to  wire  rods.  Mr.  Whitton  gives  the  production  in 
Canada  in  1915,  of  rods  as  114,800  tons  and  stated  that  we  used 
in  Canada  179,000  tons.  That  statement  is  absolutely  misleading. 
The  Dominion  Iron  &  Steel  Company  has  one  rod  mill  producing 
90,000  tons  of  rods  in  a  year.    The  Steel  Company  of  Canada 
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has  a  rod  mill  which  can  produce  more  rods  than  Canada  has  ever 
consumed.  These  companies  could  have  produced  all  the 
rods  that  were  needed,  but  they  put  their  steel  into  other  products. 
In  estimating  the  cost  I  think  Mr.  Whitton  has  been  uninten- 
tionally unfair.  He  selects  for  comparison  the  Lackawanna  plant 
and  the  plant  of  the  United  Steel  Steel  Corporation — two  of  the 
greatest  producing  plants  in  the  United  States.  He  compares 
them  with  plants  in  Ontario.  These  two  United  States'  plants 
probably  can  produce  more  cheaply  than  any  other  plants  in  the 
world,  while  the  plants  in  Ontario,  have  the  highest  operating 
costs  of  any  plants  in  Canada.  Ontario,  has  however,  something 
to  offset  the  high  cost;  it  is  nearer  the  big  consuming  markets. 
It  would  have  been  fair  to  compare  the  American  cost  with  that 
in  Nov- a  Scotia.  Had  this  been  done  the  showing  would  have 
been  very  different.  Mr.  Whitton  goes  into  details  as  to  labour 
for  making  pig  iron,  but  I  am  unable  to  follow  his  figures.  He 
states  that  scrap  is  cheaper  in  the  United  States  than  in  Canada; 
I  do  not  think  that  is  correct.  Scrap  is  just  as  cheap  in  Canada. 
Canada  is  exporting  scrap  to  the  United  States  to-day.  Mr. 
Whitton  says  that  it  costs  S5.24  a  ton  more  to  make  rails  and 
billets  in  Canada  than  in  the  United  States.  Algoma  and  Sydney 
have  exported  rails  to  the  United  States  and  have  undersold 
American  producers  in  their  own  country.  The  Canadian 
companies  that  did  this  have  either  made  a  tremendous  loss  or 
Mr.  Whitton's  figures  are  wrong.  Canada,  I  am  satisfied,  will  be 
an  iron  and  steel  producing  country,  but  the  way  to  build  up  the 
industry  is  to  make  provision  for  additional  production  in  the  one 
line  where  we  are  short,  and  not  to  scatter  our  energy  by  getting 
into  competition  with  existing  mills. 

Mr.  G.  a.  Irwin  (Algoma  Steel  Company): — As  regards 
the  steel  industry  in  this  country,  it  may  be  remarked  that 
while  the  companies  operating  in  Canada  have  passed  through 
several  lean  years,  they  have  during  the  past  two  years  been 
remarkably  successful,  due  principally  to  the  shell  steel  in- 
industry ;  and  I  am  confident  that  the  future  shows  much  promise. 
I  have  in  my  hands  the  latest  Government  records,  and  to  give 
an  idea  of  the  advancement  in  this  Canadian  industry,  I  would 
point  out  that  whereas  our  production  of  steel  in  the  shape  of 
ingots  and  castings  amounted  to  less  than  20,000  net  tons  in 
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1895,  the  production  in  1913  (the  last  year  of  normal  conditions 
and  for  which  figures  are  available)  shows  1,169,000  net  tons.  This 
on  the  face  of  it  would  indicate  marked  prosperity;  but  if  we 
look  at  the  matter  from  another  standpoint  we  shall  find  that 
while  Canadian  production  is  rapidly  increasing,  it  is  still  far 
short  of  our  own  requirements,  as  is  shown  by  the  fact  that 
whereas  imports  of  iron  and  steel  products  into  Canada  in  1895 
were  less  than  $10,000,000  in  value,  imports  in  1913  were  close 
to  $150,000,000  in  value.  The  bulk  of  these  imports  are  in  the 
shape  of  structural  steel,  plates,  sheets  and  bars.  Up  to  the 
present  Canada  has  not  made  plates  or  sheets  in  any  considerable 
(juantity  and  has  only  manufactured  structural  shapes  in  the 
smaller  sizes  which  are  protected  by  a  duty  of  $7.00  per  ton.  In 
1914  the  Canadian  Government  adopted  a  tariff  resolution 
authorizing  the  Governor  in  Council,  when  satisfied  that  rolled 
iron  or  steel  angles,  beams,  channels,  and  other  rolled  sections  or 
shapes  were  being  manufactured  in  Canada  in  substantial 
quantities,  to  impose  upon  such  shapes  up  to  the  weight  of  120 
lb.  per  lineal  yard,  the  tariff  of  $7.00  per  ton  now  effective  on 
lighter  shapes  namely  35  lb.  per  lineal  yard  and  under,  instead  of 
$3.00  per  ton  as  at  present  existing.  This  action  on  the  part  of 
the  Government  has  resulted  in  Canadian  steel  makers  giving 
serious  consideration  to  the  installation  of  heavy  structural 
mills  and  it  is  very  probable  that  within  the  next  year  or  two 
Canadian  mills  will  be  producing  a  very  considerable  portion 
of  the  requirements  of  this  country  in  respect  of  structural  shapes 
o  f  all  sizes. 

The  Algoma  Steel  Corporation,  Limited,  with  its  works  at 
Sault  Ste.  Marie,  Ontario,  has  been  increasing  its  steel  capacity 
considerably  of  late  and  it  is  anticipated  that  when  present 
improvements  shall  be  completed  we  will  have  an  output  of  about 
50,000  tons  of  ingots  per  month.  The  mills  at  the  Soo  were 
started  primarily  for  the  production  of  heavy  rails,  the  demand 
for  which  was  then  great  in  Canada.  With  our  increasing  steel 
production  we  must  manufacture  a  more  diversified  product  to 
find  a  ready  market,  and  serious  consideration  is  being  given 
to  other  lines  which  it  would  be  best  to  undertake.  I  believe  that 
other  steel  companies  are  considering  the  manufacture  of  fresh 
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products,  and  these  developments  will  all  assist  in  making  Can- 
ada more  self-supporting  than  in  the  past. 

I  have  reason  to  believe  that  more  that  one  company  in 
Canada  is  considering  the  installation  of  a  plate  mill,  especially 
in  view  of  the  probable  increase  in  shipbuilding  which  will  ne- 
cessitate the  use  of  a  large  tonnage  of  steel  plates.  In  1913,  3,565,- 

000  net  tons  of  plates  and  sheets  were  imported  into  Canada,  and 
it  is  reasonable  to  expect  that  the  consumption  in  this  country 
will  increase  rapidly  once  business  conditions  shall  become  normal. 

1  do  not  desire  to  discuss  politics,  but  would  mention  that  one 
reason  why  Canada  has  not  gone  into  the  manufacture  of  plates 
and  sheets  has  been  the  non-uniform  tariff.  Boiler  plates  enter 
Canada  free  of  duty,  and  plates  for  the  manufacture  of  ships 
obtain  a  rebate  of  99%  of  the  duty,  so  that  a  very  considerable 
portion  of  the  plate  tonnage  now  consumed  enters  this  country 
practically  duty  free.  To  operate  a  plate  mill  successfully  a  large 
tonnage  would  be  necessary,  and  until  such  time  as  Canadian 
makers  can  be  assured  of  reasonable  protection  on  all  varieties 
of  plates  it  will  be  difhcult  to  induce  capital  to  invest.  I  under- 
stand, that  if  the  Canadian  Government  assists  shipbuilding  by 
bonus  or  otherwise,  it  may  perhaps  provide  some  protection  for 
the  manufacturers  of  the  steel  plates  which  will  be  required.  Were 
this  done,  it  would  materially  alter  the  situation  and  give  much 
greater  encouragement  to  prospective  Canadian  manufacturers 
than  now  exists. 

The  manufacture  of  sheets  is  somewhat  intricate.  Sheets  are 
produced  in  many  qualities — plain  black,  galvahized,  polished, 
planished,  etc.  They  require  to  be  carefully  prepared  and  care- 
fully packed,  and  the  successful  production  of  sheets  requires 
highly-skilled  labour  which  would  be  difficult  to  obtain  and  hold 
in  Canada.  Sheets  at  present  enter  Canada  from  Great  Britain 
free  of  duty,  with  a  duty  of  only  5%  from  the  United  States,  and 
we  could  hardly  hope  to  compete  successfully  against  the  large 
mills  in  England  and  the  United  States  on  the  present  basis. 
A  protective  tariff  would  need  to  be  assured  before  Canadian 
mills  would  undertake  the  production  of  sheets. 

Our  Government  friends  have  not  given  a  fair  show  to  the 
makers  of  wire  and  wire  rods.    For  many  years  wire  rod  manu- 
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factiirers  were  assisted  by  a  bounty  but  this  lias  Ijccn  withdrawn 
within  recent  years  and,  further,  the  tariff  has  been  altered  to 
permit  of  the  free  entry  into  Canada  of  rods  for  use  in  the 
manufacture  of  galvanized  wire.  During  the  past  couple  of 
years  large  quantities  of  wire  rods  and  wire  have  entered  Canada 
from  tht  United  States;  but  I  feel  that  with  reasonable  protection 
a  great  bulk  of  this  tonnage  would  be  produced  in  Canada. 

As  to  the  general  up-building  of  the  steel  trade  in  this 
country,  I  agree  with  Mr.  Jones  that  there  is  a  bright  future.  Our 
friends  in  the  East  are  to-day  making  handsome  profits  and  so 
far  as  I  can  see  they  ought  to  be  in  a  position  to  produce  steel  as 
cheaply  as  in  any  other  centre  in  the  world.  With  the  enlargement 
of  their  present  plant  and  the  fact  of  their  being  on  tide-water, 
they  should  be  able  not  only  to  secure  a  fair  share  of  the  Cana- 
dian market  but  also  to  compete  successfully  for  export  trade. 
The  Steel  Company  of  Canada  is  exceptionally  well  situated 
from  a  standpoint  of  distribution.  Their  mills  are  in  the  most 
thickly  populated  section  of  Canada,  where  large  steel  tonnage  is 
consumed,  and  even  if  their  raw  material  does  cost  more  than  at 
Sydney  or  the  Soo,  they  have  the  advantage  in  distribution. 

As  you  are  well  aware,  the  steel  manufacturing  plants  in 
Canada  have,  during  the  past  year,  been  occupied  largely  in  the 
manufacture  of  a  high-grade  steel  for  munition  purposes  and  I  am 
pleased  to  be  able  to  state  that  Canadian  mills  have  been  very 
successful  in  manufacturing  a  product  which  is  second  to  none. 
The  technical  experience  gained  in  producing  this  special  steel 
will  be  of  great  benefit  to  the  operating  departments  of  our 
mills,  and  should  result  in  Canada  being  in  a  much  stronger 
position  after  the  war  than  heretofore.  The  important  thing  for  us 
is  to  enlarge  our  plants  along  the  right  lines  so  as  to  be  able  to 
take  care  of  the  requirements  of  the  country  to  the  fullest 
possible  extent  once  normal  business  conditions  shall  return. 
I  feel  sure  that  this  question  is  being  given  a  most  careful  and 
searching  investigation  by  all  of  the  leading  Canadian  companies. 

Mr.  J.  G.  Morrow: — I  agree  heartily  with  what  Mr.  Jones 
and  Mr.  Irwin  have  said  in  regard  to  co-operation  and  experience 
in  the  iron  and  steel  industry  in  Canada.  There  are  two  or  three 
angles  from  which  we  must  regard  this  problem  and  I  think  Mr. 
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Whitton  has  presented  it  from  one  angle  and  Mr.  Jones  from 
another.  In  the  case  of  pig  iron,  the  Hamilton  works  of  the 
Steel  Company  of  Canada  is  in  close  proximity  to  a  large  number 
of  manufacturing  companies.  Some  of  these  are  producers  of 
agricultural  implements,  and  pig  iron  is  one  of  the  largest  of  their 
importations.  For  agricultural  purposes,  this  pig  iron  comes  into 
Canada,  with  a  drawback  duty,  and  they  get  all  the  duty  refunded 
except  one  per  cent.  Under  these  conditions  we  are  in  open 
competition  with  the  cheapest  makers  of  pig  iron  in  the  world. 
In  regard  to  scrap,  we  had  a  condition  not  normal  in  Canada. 
We  exported  scrap  because  we  had  an  excess  and  we  had  not  the 
furnace  capacity  to  use  it.  With  the  inauguration  of  a  number  of 
plants,  especially  electric,  the  consumption  of  this  material  has 
been  increased,  and  we  are  now  able  to  take  care  of  all  and  pos- 
sibly more  than  we  can  produce.  Mr.  Whitton,  I  know,  has  based 
his  calculations  on  the  reports  issued  by  the  Governments  of 
Canada  and  of  the  United  States  through  the  proper  departments, 
so  that  I  am  confident  that  in  the  main  his  figures  are  correct. 
It  must  not  be  assumed  that  pessimism  is  the  keynote  of  Mr. 
Whitton's  paper;  neither,  I  take  it,  is  optimism  alone  sounded  in 
Mr.  Jones'  address,  but  I  am  sure  that  if  the  iron  and  steel 
industries  of  Canada  will  co-operate  on  some  sort  of  basis  for  the 
consideration  of  their  joint  interests,  to  enable  them  to  produce 
new  products  and  to  distribute  them  economically,  many  facts 
which  at  present  seem  unreal  will  be  demonstrated  and  made 
clear,  and  with  co-operation  proper  Governmental  measures  for 
greater  development  in  the  iron  and  steel  industry  in  Canada  may 
be  forthcoming. 

Dr.  J.  B.  Porter: — It  must  be  realized  that  the  importance 
of  the  steel  industry  cannot  be  exaggerated,  and  the  present 
occasion,  and  particularly  these  two  interesting  papers  that  are 
being  discussed,  give  the  Institute  an  exceptional  opportunity 
for  bringing  the  matter  before  the  public  and  incidentally  before 
the  governing  authorities. 

Mr.  J.  A.  Dresser: — The  paper  of  Mr.  Whitton  seems  to 
have  a  national  bearing  and,  very  properly,  is  being  discussed  in 
that  light.  The  aim  is  to  get  the  Dominion  into  a  self-contained 
position  in  respect  of  its  raw  materials  for  the  production  of  iron 
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and  steel.  This  brings  us  back  to  the  unfortunate  position  which 
we  had  to  consider  some  three  years  ago,  when  it  was  fully  realized 
that  our  known  supply  of  iron  ore  that  could  be  used  in  its  natural 
state  was  altogether  insufficient  to  meet  our  needs  in  iron  and 
steel.  Since  that  time  our  consumption  has  increased  enormously, 
the  production  only  slightly,  and  consequently  the  general 
condition  is  less  favorable  than  before. 

Certain  ores,  or  near  ores,  exist  in  large  quantitites  but 
nearly  all  have  to  be  beneficiated  in  one  way  or  another  to  make 
them  fit  for  use  in  the  blast  furnace.  Titanium  bearing  ores  are 
abundant,  especially  in  Quebec,  but  their  profitable  reduction 
has  not  yet  been  accomplished.  The  'banded'  iron  ores  which 
are  in  immense  quantities  in  Ontario,  are  high  in  finely  inter- 
mingled silicates,  and  require  mechanical  concentration.  Magne- 
tite containing  sulphur  above  smelting  limits  is  found  in  large 
quantities,  but  it  requires  roasting  to  remove  the  sulphur. 
Siderite,  which  is  already  mined  in  quantity  in  the  Michipicoten 
district  of  Ontario,  requires  to  be  calcined  and  in  parts  further 
roasted  when  there  is  an  excess  of  sulphur.  All  of  these  ores 
require  treatment  after  mining  to  fit  them  for  furnace  use. 

Apparently  the  best  attempt  to  utilize  such  ores  has  been 
that  made  by  The  Algoma  Steel  Corporation  of  Sault  Ste.  Marie 
in  treating  the  siderite  of  Michipicoten,  where  more  than  200,000 
tons  have  been  produced  during  the  past  year.  This  has  been 
done  under  conditions  of  high  labour  costs,  but  in  a  favourable 
market.  In  brief,  it  may  be  said  that  the  operation  has  attained  a 
measure  of  success,  but  still  needs  improvement  to  assure  its 
permanent  and  most  economical  use.  Important  efforts  have  also 
been  made  to  utilize  the  other  classes  of  ore  that  I  have  mentioned, 
particularly  those  of  Moose  Mountain,  Ontario;  but  at  present 
these  efforts  are  somewhat  in  abeyance.  On  the  whole,  it  certainly 
appears  that  the  effort  to  provide  a  domestic  supply  of  iron  ore 
that  is  most  likely  of  success  lies  in  the  way  of  utilizing,  even  at 
a  minimum  profit,  those  ores  that  we  know  we  have  in  large 
quantities.  The  need  and  opportunity  for  investigation  along 
this  line  will  not,  I  am  sure,  escape  the  attention  of  the  Honorary 
Advisory  Council  for  Industrial  Research. 

The  utilization  of  the  ores  we  have  would  inevitably  lead  to 
more  thorough  examination  of  the  deposits  we  already  know,  and 
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to  prospecting  for  others.  Such  detailed  examination  accompany- 
ing mining  operations  might  also  disclose  concentrations,  even 
though  relatively  small,  or  ore  of  higher  grade  such  as  the  now 
nearly  exhausted  Helen  mine  of  Michipicoten.  Neither  the  pros- 
pector nor  the  geologist  can  hope  or  be  expected  to  find  in 
unworked  territory  either  all  or  the  best  that  it  may  ultimately 
produce.  Our  immediate  hope,  if  any,  seems  to  be  in  the  ores  we 
have  in  quantity.  The  prospects  are  not  rosy  but  they  are  the 
best  we  have  of  getting  a  domestic  supply  of  iron  ore  in  eastern 
Canada. 

Mr.  T.  R.  Drummond: — I  can  only  speak  from  a  prospector's 
point  of  view.  I  do  not  pretend  to  be  an  authority  in  any  way, 
but  I  would  like  to  say  a  few  words  about  the  iron  region  of  the 
western  part  of  the  district  of  Sudbury.  I  can  say  that  a  large 
amount  of  what  is  at  present  considered  low-grade  iron  ore  occurs 
there  over  a  distance  of  about  forty  miles,  and  for  a  width  of 
from  500  to  1,000  feet.  Much  is  massive  magnetite,  and  still 
farther  along  is  what  may  possibly  develop  as  hematite  ore. 
Whether  these  ores  exist  in  very  large  quantities  or  not  is  another 
question;  but  there  is  a  considerable?  amount  of  ore  containing 
from  40%  to  possibly  45%  of  iron.  It  is  absolutely  free  from 
titanium  and  reasonably  free  from  phosphorus  and  low  in 
sulphur;  three  important  requisites.  There  is  also  apparently 
a  considerable  amount  of  ore  that  would  average  over  50%  of 
iron. 

Mr.  Belknap: — I  represent  one  of  the  smallest  iron  in- 
dustries in  Canada,  the  Standard  Iron  Co.  Limited,  with  a 
blast  furnace  at  Deseronto.  We  have  been  making  charcoal  iron 
there  for  the  last  four  or  five  years  with  more  or  less  success,  but 
there  have  been  difficulties  in  assembling  the  raw  material. 
We  have  experimented  at  Deseronto  with  one  or  t\\'o  Canadian 
ores,  one  of  these  being  a  concentrate  from  the  Moose  Mountain 
mine,  but  up  to  the  present  time  without  any  material  success. 
The  proportion  of  phosphorus  and  sulphur  in  this  concentrate 
is  so  much  higher  than  in  Lake  Superior  ore  that  it  is  impossible 
to  meet  the  specification  for  low  phosphorus  iron  or  even  standard 
bessemer.  The  Moose  Mountain  people  are  experimenting  with 
their  ore  and  have  succeeded  in  reducing  the  sulphur  to  a  great 
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extent  through  sintering,  but  they  have  not  yet  been  able  to  get 
the  phosphorus  sulhciently  low  even  to  meet  the  standard 
Bessemer  specification.  To  conduct  experiments  of  this  nature 
on  an  adequate  scale  is  beyond  the  scope  of  any  one  concern, 
and  it  appears  to  me  to  be  a  matter  that  the  Government  should 
initiate  and  carry  out  in  a  comprehensive  manner.  They  have, 
I  know,  made  many  experiments  at  Ottawa  in  the  treatment 
of  ores  from  various  localities,  especially  from  localities  in 
Ontario;  but  in  our  opinion  have  never  reached  any  definite  or 
satisfactory  conclusions. 

Mr.  C.  F.  Whitton: — {Communication  to  the  Secretary). 
In  reference  to  Mr.  Jones'  remarks  I  desire  to  submit  the  following 
reply: 

Figures  and  Authorities: — The  figures  for  the  production  of 
pig  iron  and  various  steel  products  have  been  extracted  direct 
from  the  bulletins  issued  by  the  Department  of  Mines  and  the 
American  Iron  &  Steel  Institute,  all  of  which  are  compiled  from 
the  data  furnished  them  by  the  producers  of  iron  and  steel. 
I  do  not  think,  therefore,  that  the  figures  representing  actual 
production  can  seriously  be  questioned.  Figures  representing 
imports  have  been  compiled  from  the  Government  blue  jbooks 
and  are  unquestionably  accurate  as  far  as  the  classifications 
permit. 

Capacities  of  Blast  Furnaces: — Mr.  Jones  doubts  the  accuracy 
of  my  figures  showing  the  relation  of  the  production  of  pig  iron  in 
Canada  to  the  total  consumption  in  the  country.  The  figures 
submitted  in  the  various  tables  are  compiled  from  the  following 
sources  which  are  believed  to  be  reliable:  Department  of  Mines, 
Annual  Report  specifying  the  number  of  furnaces  at  each  plant, 
their  capacity,  and  the  number  of  days  each  furnace  operated. 
It  is  an  easy  matter  to  calculate  from  these  data  the  total 
capacity  and  production  of  each  plant,  and  these  figures  have 
been  made  to  agree  in  the  aggregate  with  the  total  reported  pro- 
duction of  the  country.  The  data  have  also  been  checked,  and 
other  information  in  regard  to  open-hearth  plants,  rolling  mills, 
and  other  finishing  departments  have  been  obtained,  from  the 
Iron  &  Steel  Works  Directory  which  is  issued  by  the  American 
Iron  &  Steel  Institute. 
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Comparison  of  the  total  production  and  consumption  of  pig 
iron  in  Canada:- — ^The  writer  must  admit  having  erred  in  the 
figures  showing  the  ratio  of  production  to  capacity.  The  calcula- 
tions were  based  on  the  present  capacity  of  active  blast  furnaces, 
and  the  increase  in  capacity  due  to  the  building  of  new  furnaces 
in  the  year  1913  was  overlooked.  I  have  therefore  revised  the 
calculations  on  the  basis  of  the  actual  capacity  of  blast  furnaces 
active  in  the  various  years,  which  are  shown  separately  under 
Ontario  and  Nova  Scotia  production.  The  percentages  are  now 
as  follows : 

1912.... 74.0% 

1913 78.2% 

1914 48.5% 

1915 56.5% 

1916 71.5% 

I  do  not  think  there  should  be  any  doubt  as  to  the  producing 
capacity  of  these  blast  furnaces;  and  taking  the  number  of  days 
which  each  furnace  has  been  reported  in  blast  during  the  various 
years,  I  find  that  the  total  production  of  each  plant  and  all  the 
plants  together  agree  fairly  closely  with  the  tonnages  reported 
by  each  company  annually  to  the  Statistical  Bureau  and  also 
published  in  their  annual  reports.  Few  furnaces,  if  any,  run  con- 
tinuously throughout  a  year  and  produce  their  normal  rated 
tonnage.  On  looking  over  the  annual  reports,  I  find  that  in  1913 
at  the  four  large  blast  furnace  plants  in  Canada,  comprising  12 
blast  furnaces,  7  furnaces  were  out  of  blast  a  total  of  317  days 
or  7%  of  the  whole,  although  that  year  was  the  biggest  pig  iron 
year  prior  to  1916.  In  1914,  three  of  these  furnaces  were  idle  all 
year  and  seven  others  lost  1,068  days,  a  total  of  2,163  days  or 
46%  of  the  whole.  In  1915,  5  furnaces  lost  1,314  days  or  30%. 
In  1916,  4  furnaces  lost  785  days  or  18%  of  the  possible 
operating  time. 

I  do  not  think  there  is  any  doubt  but  that  these  conditions 
actually  represent  true  operating  conditions  in  past  years  in  Can- 
ada, as  the  pig  iron  statistics  of  the  United  States  show  that  prac- 
tically the  same  conditions  existed  there  in  the  years  1914  and 
19ir,  when  their  pig  iron  production  dropped  to  23,000,000  tons 
as  against  an  average  production  of  30,000,000  for  previous  years, 


Iron  and  Stekl  Industries  in  Canada — Whitton     383 

and  40,000,000  tons  in  1916.  A  large  increase  in  the  rate  of  pro- 
duction of  pig  iron  in  the  United  States  in  the  last  half  of  1915, 
indicated  that  their  blast  furnaces  had  only  been  operating  up 
to  that  time  at  a  normal  rate  but  when  hard  pushed,  they  could 
get  out  an  additional  10%  of  their  normal  tonnage,  this  rate 
having  been  maintained  practically  ever  since.  My  contention  is, 
that  in  Canada  we  have  sufficient  blast  furnace  capacity  to  take 
care  of  our  past  maximum  requirements  and  our  present  and 
immediately  future  requirements  if  these  furnaces  are  operated  on 
an  economical  basis  and  at  full  production  as  is  being  done  in  the 
States.  In  regard  to  the  individual  plants,  Mr.  Jones  does  not 
explain  why  the  Dominion  Iron  &  Steel  Company  has  never 
produced  more  than  350,000  tons  of  pig  iron  in  any  year  although 
the  company  has  had  six  blast  furnaces  available  since  1913.  I 
do  not  think  that  he  would  maintain  that  they  cannot  produce 
more  than  this  tonnage.  The  Algoma  Steel  Company  has  operated 
its  furnaces  nearly  continuously,  and  yet  its  production  for  the  12 
months  ending  June,  1915,  was  only  213,000  tons,  against  312,000 
tons  produced  in  the  previous  12  months.  These  facts  are 
difficult  to  understand  unless  we  know  the  actual  conditions 
under  which  these  Companies  have  been  operating. 

The  Steel  Company  of  Canada's  record  of  production  is 
given  in  the  same  table  with  the  other  steel  companies,  and  I  can 
only  say  in  explanation  of  the  small  tonnage  produced  as  com- 
pared with  capacity,  that  the  number  of  days  lost  by  our  blast 
furnaces  has  been  due  to  various  causes  such  as  relinings,  ex- 
plosions, business  depressions,  and  in  the  past  year,  shortage  of 
coke,  all  of  which  have  probably  affected  other  pig  iron  makers 
at  various  times. 

I  do  not  agree  with  Mr.  Jones  when  he  states  that  there  is  a 
shortage  rather  than  a  surplus  of  pig  iron  in  Canada,  either  of 
steel  making  or  foundry  grades.  Taking  the  present  steel  capacity 
of  the  various  plants,  as  nearly  as  the  writer  can  ascertain,  the 
Algoma  Steel  Company  has  an  approximate  capacity  of  50,000 
N.T.  a  month  or  600,000,  N.T.  a  year.  Inasmuch  as  their  pig 
iron  capacity  is  only  350,000  G.T.,  it  is  evident  that  it  had 
sufficient  pig  iron  only  to  operate  its  open-hearth  furnaces  on  the 
straight  open-hearth  plan,  but  not  by  the  duplex  process;  or 
about  enough  pig  iron  to  operate  the  20-ton  Bessemer  converter 
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continuously  and  if  desired,  to  duplex  this  metal.  It  is  evident 
therefore  that  this  company  had  no  surplus  of  iron.  As  to  the 
Steel  Company  of  Canada,  its  present  capacity  is  400,000  N.T.  of 
steel  a  year  for  which  it  would  use  about  150,000  tons  of  pig  iron, 
assuming  that  scrap  can  be  obtained  cheap  enough  and  in  suffi- 
cient quantity  to  use  a  40%  pig  iron  and  60%  scrap  mix.  Our 
furnaces  have  been  producing  pig  iron  at  the  rate  of  200,000  tons 
annually  as  long  as  conditions  and  the  supply  of  raw  materials 
permitted,  so  that  we  expect  to  have  a  surplus  of  50,000  tons  or 
more  of  foundry  pig  iron  for  sale.  The  Dominion  Iron  &  Steel 
Company's  steel  capacity  is  reported  as  400,000  N.T.  annually,  its 
maximum  production  being  376,000  tons  in  1916.  Assuming  that 
it  would  produce  all  the  steel  by  the  duplex  process,  it  would 
require  approximately  the  same  tonnage  of  pig  iron,  which 
would  leave  the  company  a  surplus,  if  operating  its  six  blast 
furnaces  at  full  capacity,  of  about  175,000  tons.  This  should 
afford  the  company  an  opportunity  to  enlarge  the  steel  plant  and 
find  an  export  market  for  an  increased  tonnage  of  finished  pro- 
ducts. 

Taking  the  consumption  of  pig  iron  for  steel  making  as  a 
whole,  we  find  in  the  report  of  the  Bureau  of  Mines  for  1915, 
that  the  maximum  consumption  for  steel  making  in  1913  was 
913,000  N.T.,  corresponding  to  an  ingot  production  of  1,170,000 
N.T.  The  production  of  ingots  in  1916  was  1,428,000  N.T.  and 
the  pig  iron  used,  949,000  N.T.,  leaving  249,000  N.T.  surplus. 
The  totaJ  steel  capacity  of  the  various  large  plants  is  now 
close  to  1,500,000  tons  and  the  pig  iron  used  is  practically 
900,000  G.T. 

Assuming  the  total  capacity  of  blast  furnaces  at  present 
active  and  able  to  operate  as  1,400,000  tons,  which  I  think  is  a 
fair  estimate,  there  should  be  a  surplus  pig  iron  capacity  above 
requirements  for  steel-making  of  nearly  half  a  million  tons.  The 
fact  that  Canada  imported  a  considerable  tonnage  of  foundry 
pig  iron  in  1912  and  1913  does  not  prove  that  there  was  a  shortage 
of  pig  iron  in  those  years,  because  there  was  then  a  pig  iron 
producing  capacity  almost  equal  to  what  exists  now,  and  if 
market  conditions  had  permitted,  the  Canadian  producers  would 
have  been  able  to  fill  all  the  Canadian  requirements  of  foundry 
pig  iron.     The  present  severe  shortage  of  foundry  pig  iron,  both 
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in  Caiuula  ami  the  United  States,  is  due  not  only  to  an 
increase  in  demand  for  this  ^rade  of  pig  iron  but  to  the  great 
shortage  of  raw  materials  and  the  excessive  demand  for  steel 
making  pig  iron.  When  this  condition  is  removed  there  is  no 
douht  that  C^anadian  producers  can  take  care  of  all  the  Canadian 
demand  lor  foundry  pig  iron. 

Wire  Rods. — There  can  be  no  doubt  as  to  the  accuracy  of 
tile  figures  of  wire  rod  production  and  consumption  in  Canada  as 
shown  in  the  table.  Since  the  year  1913,  in  which  the  Steel  Com- 
pan\-  of  Canada's  rod  mill  was  built,  it  has  never  been  able  to  run 
the  mill  double  turn  on  account  of  low  market  conditions  in  the 
States  and  the  absence  of  protection.  In  the  middle  of  1914, 
however,  a  duty  of  $3.50  a  iN.T.  was  granted  by  the  government, 
except  on  wire  rods  for  the  manufacture  of  wire  fencing,  which 
are  admitted  free.  Owing  to  the  scarcity  of  steel,  we  could  have 
operated  our  rod  mill  double  turn,  as  the  Dominion  Iron  and 
Steel  Company  has  done  since  1915  (owing  to  the  large  export 
market  thrown  open  to  them)  except  for  the  fact  that  our  steel 
capacity  was  needed  for  other  purposes,  principally  munitions. 
When  the  demand  for  munitions  ceases,  we  expect  to  run  our 
rod  mill  double  turn  and  supply  as  large  a  proportion  of  the  home 
market  requirements  as  we  can  under  the  present  tariff  and 
market  conditions. 

Mr.  Jones'  statement  that  the  Dominion  Iron  &  Steel  Com- 
pany can  produce  90,000  tons  of  rods  a  year  is  correct;  in  1916  it 
produced  112,000  tons  of  w^hich  about  half  was  exported.  The 
Steel  Company's  rod  mill,  however,  cannot  produce  more  than 
110,000  N.T.  a  year,  which  is  a  long  way  short  of  Canada's  total 
consumption. 

Costs. — The  writer  must  admit  that  he  has  considered  the 
subject  of  Canadian  iron  and  steel  industries  principally  from  the 
point  of  view  of  the  western  industries,  where  we  are  continually 
in  competition  with  the  chief  producers  of  iron  and  steel  in  the 
UnitedStates.  All  the  cost  figures  have  been  based  on  conditions 
which  obtain  in  Ontario,  as  the  writer  was  able  to  obtain  reliable 
data  in  regard  to  the  cost  of  ore,  coke,  transportation  and  con- 
version costs  for  this  district  but  was  unable  to  do  more  than 
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guess  in  regard  to  the  cost  of  producing  iron  and  steel  products 
at  the  Atlantic  seaboard.  I  hope  the  figures  are  understood  to 
cover  only  such  grounds  as  I  have  mentioned,  and  I  trust  that 
those  who  are  able  to  present  similar  data  in  regard  to  the  Nova 
Scotia  industries  will  do  so,  as  the  information  is  needed  for  an 
intelligent  consideration  of  the  whole  question. 

Mr.  Jones,  probably,  has  not  had  time  to  read  or  study  the 
figures  submitted  in  m\-  paper  showing  the  transportation  costs 
on  finished  products  from  the  various  steel  plants,  including 
Sydney,  to  the  principal  market  points  in  Canada ;  or  the  combined 
figures  showing  the  cost  of  assembling  raw  materials  at  the 
various  plants,  added  to  the  cost  of  transportation  of  their 
products  to  various  districts. 

I  would  like  to  draw  attention  to  the  economic  situation 
of  the  several  plants  in  regard  to  the  various  market  districts. 

To  head  of  lakes,  whence  goods  are  shipped  to  the  North- 
west, Sault  Ste.  Marie  shows  the  lowest  total  freight  costs  on  ore, 
coal,  and  steel  products  of  S4.86  a  gross  ton  as  against  the  next 
lowest  cost  at  Hamilton  of  S6.17.  The  lowest  American  cost  is  at 
Chicago  S6.48. 

For  Hamilton  and  Toronto.  Hamilton  is  the  cheapest 
assembling  point. 

For  Alontreal,  Sydney  is  the  most  favourable  point,  showing 
a  cost  of  S4.95  against  Hamilton  S5.83,  and  Sault  Ste.  Marie 
S6.43;  the  lowest  American  cost  to  this  point  being  that  of  Pitts- 
burgh 66.83. 

For  export,  I  figure  that  Sydney's  total  assembling  costs  and 
freight  to  Halifax  is  $3.05  as  against  Pittsburgh  to  New  York 
S4.1  ] .  There  are  other  American  steel  companies  on  the  Atlantic 
seaboard  that  bring  their  ores  from  foreign  countries  such  as 
Cuba,  South  America,  Spain,  and  Sweden,  but  I  cannot  hazard  a 
guess  as  to  their  cost  of  assembling  materials. 

Comparing  Hamilton  and  Syd,ney  with  Pittsburgh  and 
Cleveland  in  regard  to  wire  products,  it  will  be  seen  that 
Hamilton's  total  assembling  costs  and  freight  on  products  is  the 
cheapest  to  London,  Hamilton  and  Toronto,  and  Cleveland  to 
the  head  of  lakes,  but  Sydney  has  the  lowest  to  Montreal  and 
for  export. 
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I  heartily  agree  with  Mr.  Jones  in  his  recommendation  that 
iron  and  steel  industries  in  Canada  should  co-operate  on  a 
closer  b^sis  for  the  purpose  of  discussing  and  considering  their 
joint  interests  in  regard  to  extensions  of  plants,  the  manufacture 
of  new  lines,  distributing  tonnage  to  the  best  economical  effect, 
and  aVoiding  useless  competition.  Also  they  could  use  their 
associated  efforts  in  presenting  to  the  Government  a  clearer  and 
more  comprehensive  view  as  to  the  actual  protective  measures 
needed  for  the  development  of  Caaiadian  iron  and  steel  industries. 

I  do  not  think  it  is  unfair  to  compare  our  situation  here  in 
the  central  part  of  Canada  with  the  other  large  industries  in  the 
States  similarly  situated,  with  regard  to  supplies  of  ore  and  coal, 
and  also  their  product  markets.  When  you  attempt  to  consider 
a  broad  question  such  as  an  analysis  of  the  iron  and  steel  industry 
in  Canada,  one  does  not  gain  anything  by  closing  one's  eyes  to 
the  fact  that  the  large  steel  companies  of  the  United  States  are 
able  to  produce  their  ore  and  coal  and  their  semi-finished  and 
finished  products  at  much  lower  costs  than  Canadian  producers. 
In  order  to  have  the  intelligent  grasp  of  the  whole  situation,  one 
must  take  all  these  factors  into  account,  and  I  think  that  we  are 
better  off  in  appreciating  the  exact  conditions  confronting  us 
rather  than  in  trying  to  hide  them.  Either  we  are  going  to 
develop  the  iron  and  steel  industry  in  Canada,  or  these  larger 
American  concerns  are  going  to  increase  their  strength  here. 

No  one  who  has  any  knowledge  of  the  iron  and  steel  industry 
in  Canada  can  doubt  that  the  Nova  Scotia  plants  have  probably 
as  cheap  facilities  for  assembling  raw  materials  as  any  plants 
in  the  w^orld,  and  should  be  able  to  compete  successfully  in 
export  and  Eastern  American  markets  with  either  Pittsburgh  or 
the  southern  States'  plants.  On  account  of  their  situation  on  the 
seaboard,  they  are  also  able  to  compete  successfully  on  the 
Pacific  seaboard  with  these  and  any  other  producers  in  the 
w^orld,  and  there  is  no  doubt  that  they  have  been  able  to  place 
rails  in  the  United  States  at  a  profitable  price  at  times  w^hen 
conditions  in  Canada  permitted  them  to  export  rails.  Of  course 
both  Algoma  and  Sydney  have  always  had  the  advantage  of  a 
very  fair  protection  in  Canada  and  have  been  aided  in  selling 
rails  in  the  United  States,  owing  to  the  fact  that  for  years  there 
has  existed  a  rail  selling  pool,  which  has  fixed  the  price  at  S28.00. 
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Of  course  American  rail  producers  have  been  earning  large  profits 
on  rails,  as  they  probably  do  not  cost  the  largest  producers  more 
than  $17.00  a  ton,  the  principal  reason  being  that  the  railroads 
and  government  were  content  to  allow  the  steel  producers  a 
fairly  large  profit  in  order  that  the  quality  of  rails  might  not 
suffer  and  that  they  might  be  afforded  a  sufficient  margin  in 
years  when  railroads  were  taking  a  large  tonnage  to  tide  them  over 
long  periods  of  shutdowns  and  depressions.  I  therefore  do  not 
think  that  my  figures  are  far  wrong  or  can  be  upset  on  the  grounds 
that  Canadian  producers  have  been  able  to  market  their  rails  in 
the  States.  I  think  this  is  sufficient  proof  for  the  satisfaction  of 
anyone  who  understands  the  conditions  mentioned  above.  I  wish 
that  Mr.  Jones,  who  has  had  a  wide  experience  and  reputation 
in  the  steel  business,  had  considered  and  presented  some  figures 
in  regard  to  the  costs  of  assembling  materials  and  of  making  pig 
iron  and  steel,  after  which  there  would  not  have  been  much  doubt 
as  to  the  correctness  of  the  figures  of  costs  of  other  finished 
products. 


OPPORTUNITIES  FOR  THE  ESTABLISHMENT  OF  AN 

IRON  AND  STEEL  INDUSTRY  IN  BRITISH 

COLUMBIA 

By  Robert  R.  Hedley 

Western  Branch.  Vancouver  Meeting.  March,  1917 

It  may  be  observed  that  we  have  at  present  no  iron  and 
steel  industry  m  British  Columbia,  as  it  is  confined  to  smaH 
undertakmgs  which  depend    wholly  on  scrap  for  their  so'ce 

dusTrv  ;h  ?  ''  "^'"^  '^'  ^'  ^''  "°'  ^''  ^^^^y  f°^  «"-h  an  in- 
dustry,  that  our  market  is  too  limited,  that  our  coal  is  not 
sufficiently  developed  at  the  Coast  and  is  of  inferior  quality  and 
ZriVT  .^-  '"'"'^^  metallurgical  coke  at  reasonable 
^nrh  ;  .  V  "^"^^^^^"^  prevailing  in  our  labour  market  are 
such  as  to  offer  a  serious  handicap  to  economic  work;  and,  finally 
that  we  have  no  hematites  as  yet  available  to  mix  with  the  pre- 
vailing magnetites  of  the  coast.  Further  it  is  believed  that 
e^ctric  power  IS  not  obtainable  at  such  cost  as  to  render  electric 
smelting  for  pig  iron  a  commercial  success  at  normal  prices. 

All  this  is  rank  pessimism  and  if  persisted  in  will  leave  the 
Province  a  laggard  in  the  march  of  progress. 

admifrhat';7^''^r'  f"'  "'°  '^"'"^^  ""  ^^^^  ^"^j^*'  'et  us 
tfZitT!  r  "'  ^''  P'°^""''  ^^  ^^°"  ^"^  «teel  (especially 
If  hmited  to  such  as  may  be  produced  in  a  plant  of  modest  rolling 

be  r.'^i'^  ;"'"'''^'^'''  ''  ''  ^"^^easing,  and  surely  it  may 

be  extended  greatly  in  the  time  of  great  industrial  activity  that 
IS  sure  to  follow  the  war.     Let  us  suppose  that  a  beginning  be 
made  with  an  economic  unit  for  blast  furnace  production  of  pig, 
open  hearth  furnaces  for  steel,  and  a  rolling  mill  capable  of  pro 
ducing  the  common  sizes  of  bar,  light  rail,  etc.,  is  it  not  highly 
probable   nay,  sure,  that  a  profitable  market  will  readily  absorb 
any  surplus  if  offered  in  the  shape  of  steel  billets. 
.    .   ^<^«^-~Opinions  to  the  contrary  notwithstanding,  my  belief 
is  firm  that  certain  coal  from  seams  of  the  Vancouver  Island  col- 
lieries, properiy  selected  or  washed,  and  coked  in  by-product 
ovens,  will  produce  a  superior  metallurgical  coke.     As  to  cost 
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there  is  a  lack  of  data  on  \vhich  to  estimate  closely.  The  Canadian 
collieries  are  today  coking  their  small  coal  in  bee-hive  ovens  and 
supplying  the  Granby  smelter  at  Anyox  with  about  3,000  tons 
per  month  at  an  approximate  cost  of  S6.00  per  ton.  The  manage- 
ment states  that  this  absorbs  all  their  small  coal,  and  a  further 
supply  only  be  made  by  using  lump,  at  a  cost  of  S7.00  per  ton. 
By-product  coke  may  be  produced  at  a  substantially  lower  cost 
than  beehive  coke,  using  coal  at  the  same  price.  Further,  coal  can 
undoubtedly  be  mined  more  cheaply  on  the  Island.  Estimates 
have  been  made  that  by-product  coke  can  be  produced  at  a  cost 
of  $4.50  per  ton  at  the  ovens — and  this  without  taking  into 
account  the  value  of  the  gases  and  other  by-products.  Surely  this 
question  is  worthy  of  closer  investigation  than  it  has  hitherto 
received. 

Labour. — Undoubtedly  our  labour  conditions  are  adverse; 
but  rightly  handled,  it  is  conceivable  that  this  handicap  may  be 
overcome.  Labour  efficiency  may  be  augmented  by  judicious 
management. 

Iron  Ore. — It  is  true  that  the  ores  of  iron  at  the  Coast  are 
chiefly  magnetites,  that  high  grade  hematites  occur  only  remote 
from  transportation,  and  that  limonites  are  a  somewhat  doubtful 
asset.  Magnetites  are  often  of  very  superior  quality,  high  in  iron 
and  very  low  in  sulphur  and  phosphorus  content.  Other  deposits 
however  are  contaminated  by  sulphur  and  copper,  but  the 
latter  is  not  an  unmixed  evil,  as  it  enables  one  to  procure  the 
desirable  hematite,  or  its  equivalent,  at  a  low  cost.  At  many 
points,  notably  at  Birdsboro  and  at  Lancaster,  in  Pennsylvania, 
and  also  in  Norway  and  Sweden,  low  grade  magnetites  are 
crushed  and  magnetically  separated,  the  resultant  product  being 
prepared  for  the  blast  furnace  either  by  sintering  or  briquetting. 
The  advocates  of  either  process  claim  for  their  product  a  superior- 
ity over  hematite  for  blast  furnace  work.  Mr.  B.  G.  Klugh,^  of 
Birdsboro,  Pa.,  referring  to  sinter  says:  "At  all  times  the  sinter 
has  shown  itself  a  superior  and  beneficial  material  for  the  blast 
furnace  charge."  Mr.  Fred.  A.  Jordan,  when  manager  of  the 
Moose  Mountain  iron  mine,  Ontario,  said  of  his  briquette 
which  carried  over  60%  iron:  "It  has  30%  voids  and  is  made 
up  of  at  least  90%  hematite." 

iTrans.  A.  I.  M.  E.  Vol.  XLIII,  page  364. 
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H.  V.  Hansell  presented  a  very  interesting  paper  on  this  subject 
to  the  Canadian  Mininj^  Institute.-  The  plant  at  Sellwood 
has  not  been  in  operation  for  the  past  two  years,  for  the 
reason,  that  it  was  economically,  though  not  metallurgically,  a 
failure.  The  ore  so  treated  carried  but  36%  iron,  and  the  tail- 
ing about  7%. 

Three  years  ago  Mr.  J.  B.  Tyrrell  met  at  the  Treadwell mine 
a  Russian  engineer  who  was  having  tested  by  the  Grondal  Co. 
of  New  York,  a  Russian  ore,  which  carried  45%  iron  and  0.75% 
copper — and  he  anticipated  highly  successful  treatment. 

In  this  case  the  separation  of  ten  tons  would  probably  result 
in  six  tons  magnetic  and  four  tons  non-magnetic.  The  latter  by 
concentration  would  probably  produce  one  ton  of  copper  ore, 
making  three  tons  waste.  At  Moose  Mt.,  at  least  two  tons  were 
required  to  produce  one  ton  of  high  grade  briquette.  Here,  so 
far  as  my  observation  goes,  one  may  start  with  a  feed  that  will 
carry  about  60%  iron  and  1.5%  copper.  He  will  therefore  discard 
no  tailing,  but  make  two  valuable  products,  a  magnetic  that 
will  carry  67%  to  68%  iron  and  a  non-magnetic  with  7%  to  9% 
copper  and  generally  high  in  iron. 

Three  years  ago  I  shipped  to  Tacoma  1,100  tons  from 
Tassoo  Harbour,  Queen  Charlotte  Islands,  as  average  analysis 
of  which  was  as  follows: 

Iron 62     %  Gold  0.02  oz.  per  ton. 

Copper 1.8      Silver  0.4    oz.  per  ton. 

Silica 3.6 

Lime 1.0 

Sulphur 2.8 

Based  on  an  analysis,  one  ton  of  ore  may  yield  1,600  pounds 
of^  magnetite  containing  say  68%  iron  and  probably  less  than 
0.2%  copper.  The  non-magnetic  400  lb.  of  copper  ore  analyzing 
about 

Iron 38%  Gold  0 . 1  oz.  per  ton. 

Copper 8      Silver  2 .0  oz.  per  ton. 

Silica 16 

Lime 5 

Sulphur 12 

2Trans.  C.  M.  I.  Vol.  XVI,  1913. 
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This  latter,  sintered,  will  have  a  net  value,  for  the  400  lb. 
of  not  less  than  $4.00,  with  copper  at  15c  per  lb.  and  silver  at 
50c  per  oz. 

The  finely  divided  magnetite,  sintered  or  briquetted,  will 
be  absolutely  free  from  sulphur,  will  carry  about  70%  iron  as 
sinter  or  67%  iron  as  briquette,  and  its  physical  character  will 
command  the  very  highest  price  in  any  iron  ore  market. 

Such  ore  occurs  at  many  points  on  the  Coast,  in  apparently 
very  large  bodies,  notably  on  Queen  Charlotte  Islands  and  Prince 
of  Wales  Island,  as  well  as  on  Texada  and  Vancouver  Islands. 
Generally  its  occurrence  and  location  are  so  favourable  that  it 
may  be  mined,  separated  and  sintered  at  a  cost  not  to  exceed 
S3. 00  per  ton — which  means  that  26  to  30  lb.  copper  per  ton  will 
pay  all  the  expense,  leaving  our  high  grade  artificial  hematite 
'on  velvet.' 

The  conditions  favouring  the  profitable  establishment  of  an 
iron  and  steel  industry  on  the  Pacific  Coast  may  be  summarised, 
as  follows :   These  are  available : 

Magnetic  iron  ore  of  superior  quality  at  a  cost 

f.o.b.  barge,  per  ton $0.75 

Hematite  second  to  none,  f.o.b.  barge,  say 15 

Limestone  of  superior  quality,  f.o.b.  barge 50 

Coke  probably  available  at  less  than 5 .  00 

ex  by-products. 

As  to  labour,  it  can  be  trained;  and  as  to  a  market  it  can  be 
made  and  developed.  The  prospects  in  this  respect  are  excellent. 
As  to  electric  smelting,  without  doubt  any  iron  and  steel 
enterprise  should  have  an  electric  plant  as  an  adjunct  to  produce 
high  grade  steels,  but  whether  it  will  compete  with  the  blast 
furnace  in  production  of  pig  iron  depends  on  the  cost  of  power. 
The  existing  power  companies  if  asked  to  quote  a  rate  will 
doubtless  give  a  tentative  one  of  (say)  one-half  cent  per  kilowatt 
hour.  On  an  exceptionally  large  contract,  without  long  transmis- 
sion, that  figure  might  be  cut  in  two,  but  probably  a  much  lower 
figure  would  be  requisite  to  ensure  commercial  success  at  normal 
prices.   I  offer  for  criticism  an  estimate  on  the  cost  of  producing  pig 
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iron  at  a  site  selected  for  its  fuel  supply.  The  latter  is  specified 
because  of  the  fact  that  iron  ore  supply  may  come  from  various 
points,  and  it  is  desirable  that  coke  be  manufactured  at  the  plant 
in  order  that  the  gases  may  be  utilized.  I  assume  that  equal 
parts  of  magnetite  and  hematite  will  make  a  suitable  mixture: 

0 . 8  tons  magnetite $  0 .  80 

0 . 8  tons  hematite 0 .  20 

0 . 5  tons  limestone 0.25 

1 .  25  tons  coke  at  $6.00 7 .  50 

Freight  on  2 . 1  tons 2 .  10 

Labour 2 .  00 

Interest  and  amortization 1 .  00 

Power  and  sundry. 1 .  00 

$14.85 
Less  by-products,  including  gas 2 .  00 


$12.85 


This  estimate  is  based  on  the  assumption  that  iron  ore  can 
be  supplied  at  the  low  figure  of  $2.60  per  ton  of  pig  iron  produced. 
Of  this  $1.60  represents  freight  charges,  which  may  be  reduced 
considerably.  Added  to  the  estimate  of  the  cost  of  coke  of  $7.50, 
which  is  probably  high,  the  cost  of  these  two  items  is  $10.10,  or 
lower  than  at  Pittsburgh,  where  the  iron  ore  required  per  ton  of 
pig  iron  costs  about  $8.50  laid  down,  and  where  the  cost  of  coke  is 
not  less  than  $3.00  or  a  total  of  $11.50.  Limestone  in  sufficient 
quantity  to  flux  the  class  of  charge  specified  would  not  cost 
40%  of  the  figure  given  in  the  estimate. 


Discussion. 


Dr.  J.  G.  Davidson:  In  regard  to  Mr.  Kedley's  reference  to 
the  by-product  coking  of  coals,  I  may  say  that  during  the  past 
two  years  we  have  been  trying  experiments  on  the  recovery  of 
marketable  by-products,  such  as  creosote  and  pitch,  during  the 
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coking  of  western  coals;  creosote  being  worth  about  fifteen  cents 
a  gallon.  I  am  satisfied  that  the  coke  produced  would  be  suitable 
for  iron  smelting,  and  consider  that  the  Government  should  carry 
out  experiments  on  the  preparation  of  coke  from  'Coast'  coals 
in  by-product  ovens,  and  have  the  resulting  coke  tested  in  blast 
furnaces.  We  can  also  make  charcoal  of  a  fair  quality  from  our 
western  lumber,  and  at  the  same  time  secure  valuable  oils  as  a 
by-product. 

Mr.  E.  a.  Haggen:  The  problem  to  which  Dr.  Davidson 
referred,  the  production  of  suitable  metallurgical  coke  from 'Coast' 
coals,  has  been  solved  by  the  manager  of  the  Vancouver  Gas 
Company,  Mr,  Keillor,  who  has  been  conducting  experiments 
lately  in  the  coking  of  Vancouver  Island  coal,  with  the  result  that, 
by  the  use  of  vertical  retorts,  he  has  obtained  a  coke  of  sufficient 
strength  and  freedom  from  deleterious  substances,  such  as  sul- 
phur, to  be  adapted  for  metallurgical  purposes  such  as  iron 
smelting.  The  report  of  Mr.  R.  Lindeman,  late  of  the  Dominion 
Department  of  Mines,  on  the  iron  ores  of  the  British  Columbia 
coast  was  of  a  most  satisfactory  character  so  far  as  a  supply 
of  ores  and  cost  of  producing  iron  were  concerned,  but  at  the 
time  the  export  was  made  there  was  not  a  sufficient  market  for 
the  product.  In  1909  and  1910,  Eastern  capitalists  employed 
experts  to  investigate  the  problem  of  the  manufacture  of  iron  and 
steel  in  British  Columbia,  and  their  report  was  also  satisfactory. 
The  Vancouver  Gas  Company,  however,  did  not  believe  it  could 
supply  metallurgical  coke  at  less  than  $6  a  ton.  There  is  not 
at  present  any  plant  producing  iron  and  steel  on  the  entire  Pacific 
coast  of  North  and  South  America,  with  the  exception  of  one 
small  plant  in  California,  which  produces  12  to  15  tons  of  electric 
iron  and  steel  a  day.  The  Government  should,  therefore,  be 
willing  to  assist  in  financing  this  industry,  until  it  can  be  placed 
on  a  successful  commercial  basis,  as  a  matter  of  national  import- 
ance. 

Mr.  Nichol  Thompson:  Referring  to  the  remarks  of  Dr. 
Davidson  on  the  manufacture  of  coke  and  the  recovery  of  by- 
products, I  have  sent  the  analyses  of  our  Vancouver  Island  and 
Nicola  Valley  coals  as  well  as  samples  of  the  Nicola  Valley  coal, 
to  by-product  experts  in  England,  and  their  reports  prove  these 
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coals  to  be  very  high  in  by-products,  which  consist  of  Hght  and 
heavy  oils,  creosote,  tar  and  sulphate  of  ammonia.  The  value 
of  the  by-products  was  given  as  approximately  $9  per  ton,  besides 
the  coke,  which  would  be  valuable  as  a  metallurgical  coke,  and 
would  be  exactly  like  what  is  costing  $7  per  ton  in  Sheffield, 
In  fact  the  Nicola  Valley  coal  is  an  ideal  coal  for  distillation  pur- 
poses and  should  yield  a  very  big  return.  Concerning  Mr. 
Hedley's  remarks  on  the  sintering  of  magnetite,  and  thereby 
converting  it  into  hematite,  I  confess  I  cannot  quite  understand 
how  this  is  accomplished  or  what  advantage  is  to  be  gained  by 
doing  so,  even  if  it  can  be  done.  I  don't  think  it  matters  how  the 
iron  exists,  as  long  as  the  ore  is  physically  and  mechanically 
suited  for  the  blast-furnace,  and  I  believe  we  have  magnetite 
ores  in  British  Columbia  that  are  particularly  well  suited  for  use 
in  blast-furnace  without  any  considerable  addition  of  softer  ores. 
At  one  of  the  largest  blast-furnace  plants  in  England,  they  use 
principally  the  magnetite  ores  from  Norway  and  Sweden  with 
a  mixture  of  spathic  ores  from  Spain,  and  they  manufacture  all 
grades  of  pig  iron  from  No.  1  to  No.  4  or  foundry  iron.  The 
following  are  typical  analyses  of  these  ores  after  drying: — 

Fe.  SiOa  S.  P.  CaO  MgO  Mn 

Highest  Magne- 
tite      69.3  2.42  .039  .014  .60  .52  .28 

Lowest  Magne- 
tite      51.3  8.62  .277  .018  10.05  2.59  .29 

Highest  Spathic.  56.10  8.60  .30  .006  1.80  4.26  1.10 

Lowest  Spathic  .  47.90  14.90  .286  .027  .80  .37  .76 

Mr.  Hedley's  paper  deals  principally  with  magnetites  con- 
taining copper,  and  of  course  those  ores  can  only  be  made  suitable 
for  the  blast  furnace  by  magnetic  concentration  and  briquetting. 
If  the  briquette  can  be  made  hard  enough  and  porous  enough 
so  that  it  can  stand  the  crushing  strain  and  yet  can  be  penetrated 
by  the  reducing  gases  in  the  blast  furnace,  that  is  all  that  is  neces- 
sary, without  any  attempt  being  made  to  produce  what  Mr. 
Hedley  calls  artificial  hematite.  I  have  sent  samples  of  our 
British  Columbia  magnetites  to  Sheffield  and  the  report  I  got 
stated  that  high-grade  tool  steels  could  be  made  from  these  ores 
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at  a  cost  of  $2  a  ton  lower  than  from  the  best  Norway  ores 
on  account  of  their  high  iron  content,  and  lack  of  impurities; 
the  following  is  a  complete  analysis,  made  in  England,  of  some 
of  our  British  Columbia  magnetites: 

Peroxide  of  iron 64.35  per  cent. 

Protoxide  of  iron 25.16 

Protoxide  of  manganese 0.47 

Alumina 0.96 

Lime 1.00 

Magnesia 3.89 

Silica  and  insoluble 4.70 

Combined  water  and  moisture Nil 

Arsenic  and  copper Nil 

Sulphuric  acid Trace 

Phosphoric  acid Trace 


100  53 


Metallic  iron 64.05  per  cent.  1  This  ore  is  of  very 

Sulphur Slight  trace  >  good    quality,    in- 

Phosphorus Slight  trace  j  deed. 

I  believe  the  above  to  be  a  fair  average  quality  of  our  British 
Columbia  magnetites. 

There  is  a  much  better  market  for  iron  ore  and  products  of 
iron  and  steel  on  the  Pacific  coast  than  is  generally  supposed. 
At  the  present  time  82,000  tons  of  steel  shipping  is  being  con- 
structed between  San  Francisco  and  Vancouver,  and  another 
40,000  tons  is  under  consideration.  In  a  paper  read  before  the 
American  Institute  of  Mining  Engineers  in  1916,  Mr.  C.  C.Jones' 
estimated  the  market  for  iron  and  steel  products  on  the  Pacific 
coast  to  be  923,000  tons  per  annum,  adding  that  "probably  the 
aggregate  (consumption)  is  more  nearly  double  this  estimate." 
In  1912  British  Columbia  imported  120,000  long  tons  of  iron 
and  steel,  including  more  than  7,000  tons  of  pig  iron;  and  there 
is  a  much  bigger  market  to-day  for  mine  steel  than  there  was  in 
1912. 

'Trans.  A.  I.  M.  E.  Vol.  LIII,  p.  308. 
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The  production  of  pi,o  iron  in  ihc  United  States  has  increased 
from  S,()0(),(K)()  ions  in  1896  to  more  than  37,000, ()()()  tons  in  1915. 
The  total  shipments  of  ore  from  the  mines  in  1915  exceeded 
55,000,000  tons,  and  the  increase  in  the  production  of  pig  iron 
amounted  .to  0,500,000  tons.  In  1915,  Great  Britain  imported 
from  the  United  States  20,000  tons  of  steel  billets  valued  at 
$11,000,000,  and  the  returns  for  the  month  ending  November 
30,  last,  show  that  the  unfilled  orders  of  the  United  States  Steel 
Corporation  amounted  to  11,058,541  tons,  an  increase  of  1,043,282 
tons  over  the  preceding  month.  In  1912  Great  Britain  imported 
more  than  6,000,000  tons  of  iron  ore.  The  war  will  change  the 
whole  economic  conditions  of  the  Empire  and  if  we  are  to  main- 
tain our  position  in  the  sun,  and  continue  to  be  the  foremost 
nation  among  the  peoples  of  the  earth,  it  can  only  be  accomplished 
by  conserving  our  natural  resources  and  manufacturing  them 
within  the  Empire  for  the  use  of  the  Empire  first.  Germany's 
strength  in  the  present  Avar  lay  in  the  provinces  of  Alsace  and 
Lorraine,  stolen  from  France  in  1871.  Out  of  28,607,000  tons 
of  iron  ore  extracted  from  German  territory  in  1913,  21,135,000 
tons  came  from  the  Province  of  Lorraine  alone.  It  behooves 
us,  therefore,  to  see  that  our  resources  of  coal  and  iron  are  not 
allowed  to  fall  into  the  hands  of  foreigners  who  may  again,  as 
Germany  is  doing  to-day,  use  them  against  us  for  our  destruction. 

Prof.  John  M.  Turnbull:  There  seems  to  be  a  very  general 
feeling  that  the  time  is  rapidly  approaching  when  an  iron  and  steel 
industry  can  be  established  on  the  coast  of  British  Columbia. 
There  are  many  difficulties,  but  these  can  be  summed  up  under 
three  heads.  The  first  is  the  difficulty  in  regard  to  markets  for 
the  products,  which  I  believe  can  be  overcome,  because  the 
markets  will  tend  to  develop  as  fast  as  the  industry.  The  second 
point  is  the  difficulty  of  smelting  our  ores,  and  this  may  also  be 
overcome.  The  third  point,  the  difficulty  in  regard  to  ores,  is 
therefore  the  problem  of  first  importance.  I  believe  there  are 
large  quantities  of  magnetite  ore  on  this  coast,  but  we  have  no 
definite  knowledge  as  to  what  quantity  can  be  obtained  and  its 
probable  average  grade  and  character.  The  Provincial  Govern- 
ment should  make  a  geological  investigation  to  determine  clearly 
the  character  of  the  deposits  and  thus  help  in  predicting  their 
future  possibilities. 
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Dr.  Edwin  T.  Hodge:  The  greatest  need  of  the  Province  of 
British  Columbia  at  the  present  time  is  an  inventory  of  its 
natural  resources,  and  this  can  be  accomplished  by  means  of 
an  intensive  geological  survey.  The  question  of  markets  is  of 
great  importance.  It  has  been  stated  that  we  can  find  a  market 
in  England  for  a  considerable  part  of  our  iron  ores  and  iron  billets 
but  there  are  many  deposits  of  iron  ore  both  larger  and  nearer 
to  England  than  any  we  have  here.  The  highly  developed 
magnetite  deposits  of  Gellivare  and  Kiruna,  in  northern  Sweden, 
are  fully  as  rich  and  very  much  nearer  than  ours.  The  Wabana 
deposits  on  the  north  shore  of  Bell  Island,  Conception  Bay, 
Newfoundland,  are  very  extensive  and  are  highly  developed. 
Other  deposits  available  to  the  British  Islands  are  those  of  Minas 
Geraes,  Brazil,  with  reserves  estimated  at  2,000,000,000  tons; 
the  Mayari  and  the  Daiquiti,  of  Cuba,  both  with  great  reserves; 
and  the  Bilboa  deposits  of  Spain.  Another  market  which  has 
been  suggested  is  China.  That  country  may  be  backward  in 
some  ways,  but  in  the  investigation  of  its  natural  resources  it 
is  far  ahead  of  British  Columbia.  Its  geological  survey  has 
shown  that  extensive  deposits  of  iron  ore  exist.  Since  iron  ore 
is  usually  carried  as  ballast,  and  since  the  rule  is  for  the  vessels 
to  travel  east  in  ballast  across  the  Pacific,  is  it  not  possible  that 
the  near  future  will  see  China  exporting  iron  ore?  We  hardly 
have  a  right  to  discuss  questions  of  manufacture  until  we  have 
settled  the  far  more  important  matters  of  occurrence,  quantity, 
availability,  and  smelting  suitability  of  our  iron  ores.  But  in 
view  of  the  great  ease  of  transportation  from  Vancouver  to  many 
Asiatic  cities,,  we  ought  with  a  proper  supply  of  cheap  iron  ore 
to  become  a  manufacturing  and  distributing  centre  for  iron 
machinery  or  other  high-grade  products.  It  has  been  stated  that 
several  of  our  iron  deposits  are  suitable  for  smelting,  but  as 
scarcely  any  of  these  have  been  opened  we  do  not  know  to  what 
geological  type  they  belong  and  consequently  cannot  tell  anything 
about  their  size  or  uniformity.  We  cannot,  with  advantage, 
build  smelters  until  we  have  some  definite  idea  as  to  tonnage 
nor  can  we  do  so  until  we  know  the  type  of  ore  we  have  to  treat. 
I  think  you  will  all  admit  that  with  the  limited  geological  exami- 
nation which  our  iron  ore  deposits  have  received,  except  in  a 
iew  instances,  that  we  have  only  a  faint  idea  as  to  the  tonnage 
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and  no  conception  as  to  the  type  of  ores  which  a  smelter  would 
have  to  treat.  Many  of  these  facts,  I  am  sure  you  will  grant, 
must  be  known  before  we  can  plan  definitely  for  a  smelter  and 
before  w^e  can  interest  capital  in  the  manufacture  of  iron  from 
our  ores.  Before  we  can  interest  capital  in  our  Province  we  must 
make  a  geological  investigation  of  our  mineral  resources.  Our 
Province  is  so  vast  that  the  geological  work  which  has  been  done 
means  but  little.  The  Geological  Survey  of  Canada  can  only 
put  three  geologists  into  the  field  in  this  Province  each  year.  If 
we  are  to  know  our  resources  and  develop  them  rationally,  we 
must  also  have  our  own  geological  survey.  Our  mining  pros- 
perity is  dependent  upon  a  careful  and  systematic  investigation 
of  our  resources  along  geological  lines. 


METHODS  OF  MINING  IN  CROWSNEST  PASS 
DISTRICT,  ALBERTA. 

By  Raoul  Green. 

Rocky  Mt.  Branch,  Xov.  19t7. 

The  method  of  mining  adopted  in  the  Crowsnest  district, 
situated  along  the  Canadian  Pacific  Railway  betu'een  Passburg 
and  Crowsnest  lake,  depends  to  a  great  extent  on  the  geological 
and  physical  features  of  the  region. 

Geological  and  Physical  Features. — The  main  ranges  of 
mountains  are  composed  of  Devonian  limestone  and  have  a 
general  trend  north-south.  The  overlying  formation  is  Fernie 
shale  which  outcrops  along  the  edge  of  the  limestone;  this  in 
turn  is  overlain  by  Cretaceous  rocks  of  which  the  most  important 
member  is  the  coal  measures  or  Kootenay  formation.  These 
rocks,  in  general,  form  the  foothills  and  are  faulted  parallel  to 
the  main  ranges,  forming  a  series  of  coal  basins  with  the  outcrops 
occurring  along  the  crests  of  the  hills.  The  Canadian  Pacific 
railway  follows  a  transverse  valley  cutting  the  coal  measures  at 
approximately  right  angles,  thus  affording  facility  for  developing 
the  coal  seams  at  a  number  of  different  points.  The  mines  are 
opened  up  by  means  of  adits  or  tunnels  driven  from  the  level 
of  the  railway  along  the  strike  of  the  seam,  and,  as  the  tunnel 
advances,  the  distance  to  the  outcrop  increases  so  that  it  is 
possible  to  develop  considerable  coal  without  recourse  to  working 
'  to  the  dip. ' 

The  following  is  an  example  of  an  actual  developed  coal 
basin : — 

At  A  the  east  limb  has  a  dip  of  30  degrees  to  45  degrees, 
but  this  gradually  decreases  till  the  lowest  point  of  the  basin 
C  is  reached;  the  western  limb  is  sharply  folded  at  B.  This 
method  of  folding  is  repeated  several  times  and  most  of  the 
mines  of  this  district  are  situated  on  the  eastern  limb.  In  a  few 
instances  slopes  have  been  driven  below  the  valley  level  towards 
the  lowest  portion  of  the  basin,  but  although  there  is  some 
decrease  in  the  dip  the  workings  have  not  yet  extended  to  the 
western  limb  of  the  basin. 

A  variation  of  the  above  manner  of  folding  often  occurs 
when  faulting  takes  place  at  C  and  the  eastern  limb  is  repeated 
as  shown  in  the  accompanying  sketch.     (Fig.  1) 
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Fig.  1. 

The  coal  measures  average  400  feet  in  thickness  and  are 
overlain  by  a  bed  of  hard  conglomerate.  Five  seams  have  been 
found  but  with  one  or  two  exceptions  one  seam  only  has  proven 
of  present  economic  value.  This  seam  is  12  feet  in  thickness 
and  has  a  fair  roof  and  floor  so  that  conditions  are  suitable  for 
mining.  The  seam  produces  some  slack,  but  it  is  of  good  quality 
and  makes  a  most  suitable  fuel  for  locomotive  or  stationary 
boiler  use.  Several  of  the  transcontinental  railways  have 
already  extended  its  use  to  British  Columbia  and  the  Pacific 
Provinces.  The  lump  or  screened  coal  is  considered  to  be  equal  to 
any  imported  coal  on  the  market. 

System  of  Mining. — Two  systems  are  used  in  the  extraction 
of  this  coal,  viz.,  up  the  pitch  and  across  the  pitch  systems. 
In  order  to  put  either  system  into  operation  the  method  of 
development  is  the  same  namely: — main  gangways,  500  to  600 
feet  apart  are  driven  along  the  strike,  airways  are  driven 
for  ventilation  at  from  30  to  50  feet  above  these,  and  the  rooms 
are  opened  off  above  the  airways. 

Up  the  Pitch  System. — In  this  system  rooms  are  driven  from 
the  airway,  over  the  lower  level  or  gangway,  to  the  succeeding 
level  above  or  to  an  airway  beneath  the  level.  These  rooms  are 
from  10  to  20  feet  wide  and  the  pillars  left  between  rooms  have 
a  width  of  from  30  to  40  feet. 
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Roof  conditions  determine,  to  a  great  extent,  both  the  width 
of  rooms  and  pillars  and  the  timbering  method  to  be  used. 
With  a  compact  roof  a  single  row  of  props  is  sufficient  to  maintain 
a  room  width  of  20  feet  but  where  the  roof  is  soft  it  may  be  neces- 
sary to  reduce  the  room  width  to  10  or  12  feet  and  substitute 
the  square  set  method  of  timbering  with  lagging  over  the  cap 
pieces  and  along  the  ribs.  In  this  case  the  pillar  width  would 
be  reduced  also  to  about  20  or  30  feet. 

In  some  cases  where  cap  rock  is  encountered  it  may  be 
mined  separately  and  stored  behind,  but  it  is  advantageous, 
wherever  possible,  to  leave  it  in  place,  as  well  as  any  dirty  coal 
adjoining  the  roof,  and  adopt  a  closer  method  of  timbering. 

In  all  cases  where  up  the  pitch  system  is  adopted  it  is  neces- 
sary to  carry  a  chute  up  to  the  face  of  each  workings  for  carrying 
the  coal  by  gravity  to  the  level  below.  The  chute  is  constructed 
of  boards  one  inch  or  two  inches  in  thickness  for  the  sides  and 
two-inch  plank  for  the  bottom,  lined  with  galvanized  sheet  iron 
of  22  to  28  gauge.  One  side  of  the  chute  is  used  for  ventilation 
and  as  a  travelling  way.  Figure  3  shows  the  method  of 
timbering  and  chute  construction. 

Crosscuts,  6  feet  by  6  feet,  connecting  the  rooms,  are 
driven  every  50  or  60  feet  to  keep  the  ventilating  current  well 
up  to  the  working  face.  After  a  certain  number  of  rooms  have 
been  driven  to  the  level  or  airway  above,  the  extraction  of 
pillars  is  begun.    The  pillars  are  drawn  from  the  top  downwards; 
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but,  in  a  seam  12  feet  to  14  feet  thick,  it  is  necessary  to  leave 
protection  pillars  in  order  to  safeguard  the  miner  against  fall  of 
debris  from  above.  If  the  roof  is  soft,  neither  protection  pillars 
nor  any  practical  system  of  timbering  is  sufficient,  so  that  this 
method  has  to  be  abandoned  and  the  pillars  split  by  driving 
a  room  up  the  centre  of  the  pillar.  By  the  latter  method  some 
30%  to  50%  of  the  pillar  coal  is  recovered.  Where  the  pitch 
is  over  35  degrees  or  the  roof  conditions  unsuitable  it  is  evident 
that  this  system  is  unsatisfactory  as  the  recovery  is  too  small. 


Fig.  3. 


Figure  4  shows  the  'up  the  pitch'  system  in  use  under  good 
conditions;  the  pitch  is  35  degrees  and  the  roof  is  solid  so  that  there 
is  no  difficulty  in  extracting  most  of  the  pillars.  The  shaded 
portions  show  the  pillars  extracted.  The  unshaded  portion  above 
No.  2  level  has  since  been  recovered  and  the  coal  dumped  down 
No.  53  chute;  the  protection  pillars  were  also  recovered  in  a 
similar  manner. 

An  adaptation  of  the  '  up  the  pitch '  system  is  often  used 
where  the  dip  is  over  35  degrees  This  is  called  the  angle 
system  and  differs  from  the  first  inasmuch  as  the  rooms  are 
driven  at  an  angle  to  the  pitch  so  that  the  rooms  have  a  pitch 
of  from  28  degrees  to  30  degrees.     The  pillars  are  from  40  feet 
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to  50  feet  in  width  and  from  60  feet  to  70  feet  in  length.  In  the 
extraction  of  these  piHars  the  workmen  are  well  protected  by 
leaving  behind  a  small  portion  of  a  pillar  to  act  as  a  guard 
against  falls  or  caves  from  above.  Under  favourable  roof 
conditions  this  barrier  is  blasted  out  and  it  is  possible  to  recover 
over  80%  of  the  pillar. 

This  system  is  also  of  special  advantage  in  connection  with 
the  resumption  of  work  after  an  extensive  'crush'  as  it  is 
possible  to  close  the  rooms  immediately  below  the  cave,  thus 
preventing  the  debris  from  following  down  and  at  the  same  time 
permitting  of  attack  on  the  next  pillar  in  the  usual  way.  Where 
the  roof  is  friable  it  may  be  necessary  to  split  the  pillars  in 
the  manner  outlined  above  but  by  this  method  60  per  cent  of 
the  pillars  may  be  recovered  as  against  from  30  per  cent  to  50 
per  cent  by  the  'up  the  pitch'  system. 

Where  the  roof  is  hard  and  can  be  kept  up  by  props,  and  the 
pitch  from  30  degrees  to  35  degrees,  the  up  the  pitch  system  is  a 
cheap,  safe  and  rapid  method  of  mining  coal; and  the  lower  the 
pitch  adopted  in  the  rooms  the  greater  the  reduction  in  the 
breakage  of  coal. 

Across  the  Pitch  System. — In  this  system  two  parallel  rooms 
are  driven  up  the  pitch  to  the  level  above.  Rooms,  40  feet  to 
50  feet  apart,  are  driven  at  right  angles  to  them  and  continued 
to  the  next  pair  of  parallel  rooms,  some  150  feet  to  200  feet 
distant.  The  rooms  are  from  10  feet  to  20  feet  wide  and  the 
pillar  width  is  from  20  feet  to  30  feet;  crosscuts  for  ventilation 
are  driven  every  50  feet  to  80  feet  apart.  By  this  system  the 
coal  is  loaded  into  small  cars  and  trammed  to  the  loading  chute. 
For  this  reason  it  is  not  favoured  by  the  miner  so  that  its  use 
is  not  general,  which  is  regretted,  as  this  system  approaches  the 
ideal  one  for  working  a  pitching  coal  seam.  Its  advantages  are 
as  follows: — 

1.  In  the  case  of  a  bad  roof  some  method  of  timbering 
can  be  devised  which  will  afford  ample  protection  to  the  miner 
both  in  driving  the  room  and  extracting  the  pillars. 

2.  Where  rock  occurs  in  the  seam  it  can  readily  be  stowed 
behind. 
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3.  When  the  room  is  finished  the  pillar  can  be  drawn 
immediately.  This  is  a  great  advantage  as  it  causes  a  more 
uniform  caving  of  the  strata  above,  thus  reducing  the  pressure 
which  is  a  condition  most  desired  in  the  working  of  a  coal  mine. 

4.  The  ventilation  problem  is  simpler  as  there  is  less 
difficulty  in  keeping  the  working  faces  well  ventilated. 

5.     The  worked  out  areas  cave  more  easily;  consequently 
there  is  less  liability  of  the  lodgment  of  gas. 

Figure  5  shows  the  actual  working  of  a  coal  mine  by  means 
of  the  'angle  system'  and  the  'across  the  pitch  system.' 

At  A  the  angle  system  was  used  with  good  results ;  at  B  'up 
the  pitch' system  was  tried  but  as  the  roof  was  friable  the  pillars 
could  not  be  extracted ;  at  C  the  across  the  pitch  system  was  tried 
with  perfect  results — practically  all  of  the  pillars  being  recovered 
right  up  to  the  surface.  The  same  results  were  obtained  at  D. 
In  this  plan  the  shaded  portions  represent  pillars  that  have  been 
recovered. 

Firing  Shots  and  the  Use  of  Explosives. — Where  the  coal  is 
hard,  blasting  is  resorted  to.  In  some  seams  of  the  softer  kinds 
the  coal  is  mined  by  hand  exclusively,  no  explosives  being  used. 
As  a  rule  the  face  of  the  working  places  which  are  about  12  feet 
wide  are  undercut  about  6  feet  deep  by  6  feet  wide  near  the  floor 
of  the  seam,  and  the  holes  are  placed  above  this  and  the  coal 
brought  down;  the  rib  coal  aftervvards  is  shot  out  toward  the 
opening  already  made. 

In  some  cases  the  undercutting  may  be  done  in  the  centre 
of  the  seam  thus  allowing  the  lower  portion  of  the  seam  to  be 
lifted  up  by  shooting.  These  t\vo  methods  are  particularly 
applicable  where  there  is  a  soft  stratum  of  coal  in  the  seam  for 
'mining.'  Where  the  coal  is  hard  and  blocky  it  is  often  found 
necessary  to  shear  the  coal  by  making  either  a  vertical  cutting 
along  the  rib,  or  in  the  centre  of  the  working  place,  the  coal  being 
shot  to  the  shearing  or  cutting. 

Permitted  explosives  alone  are  allowed,  the  one  most 
commonly  used  consists  of  a  mixture  containing  approximately 
9%  nitro-glycerine,  70%  nitrate  of  ammonia,  15%  potassium 
salts.     All  shots  are  fired  by  means  of  electric  battery  used  by 
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an  official  holding  a  certificate  under  the  "Coal  Mines  Regu- 
lation Act." 

The  amount  of  coal  extracted  per  pound  of  explosive  varies 
from  4  tons  in  very  tough  and  compact  coals  to  12  tons  or  more 
in  seams  where  the  mining  is  soft  and  the  cleavage  good.  Owing 
to  the  heavy  pitch  of  the  seams  in  this  district  it  has  not  been 
found  advisable  to  use  undercutting  machines,  the  use  of  which 
could  only  be  found  of  value  where  the  coal  is  hard  and  compact ; 
if  some  light  machine,  of  the  reciprocating  type,  could  be  devised, 
it  would  prove  worth  while  investigating.  In  this  paper  no  at- 
tempt is  made  to  describe  the  haulage,  ventilation  or  screening 
systems  at  the  different  mines;  however,  a  fewnotes  on  ventilation 
may  prove  of  interest.  Where  the  coal  to  be  extracted  is  above 
water  level  and  where  the  outcrop  can  be  followed  for  several 
miles  along  the  hillside  it  has  been  found  economical  to  move  the 
fans  so  as  to  follow  the  advancing  levels  or  gangways  below. 
In  this  way  the  ventilating  current  is  generated  at  a  point  as 
near  as  practicable  to  the  working  faces.  By  this  method  a 
smaller  volume  of  air  is  required,  less  resistance  has  to  be  over- 
come and,  therefore,  less  power  is  consumed.  Further  there  is 
no  necessity  to  maintain  long  airways  with  their  heavy  bills 
for  repairs,  etc. 

The  writer  has  in  mind  one  instance  of  a  coal  mine  having  an 
output  of  1,000  tons  per  day  where  the  power  consumption 
for  ventilation  is  not  over  25  H.P.  and  the  water  gauge  to 
of  an  inch.  These  results  were  obtained  by  the  use  of  a  fan  of 
the  multi-blade  high-speed  type,  4  feet  in  diameter  and  23^  feet  in 
width.  This  fan  was  easily  set  up  or  moved  and  was  operated 
by  an  induction  motor  at  110  volts  reduced  from  2,300  volts — 
the  voltage  of  transmission.  The  efficiency  of  the  fan  proper 
was  79%. 

When  workings  to  the  dip  become  necessary  the  longer 
airways  and  larger  volumes  of  air  required  will  necessitate  a 
different  type  of  fan.  This  district  has  now  come  to  the  point 
where  the  upper  workings  are  rapidly  becoming  smaller  in 
extent  and  slopes  are  now  being  driven  at  several  of  the  mines  to 
develop  the  coal  to  the  dip.  This  will  involve  the  solution 
of  new  problems  and  will,  unquestionably,  increase  the  cost  of 
production. 


LUBRICATION  OF  MINE  MACHINERY 
By  James  A.  Boyd,  Edmonton,  Alberta 

Rocky  Mountain  Branch 

The  subject  embraced  by  the  title  is  a  comprehensive  one; 
I  propose  in  this  present  paper  to  discuss  certain  phases  of  it  only. 

Steam  Cylinders: — To  lubricate  a  steam  cylinder,  the  choice 
of  an  oil  should  be  governed  to  a  large  extent  by:  (1)  the  temper- 
ature and  pressure  of  steam,  (2)  physical  condition  of  steam, 
(3)  type  of  engine  and  valve  and  (4)  location  of  lubricators.  It 
is  recognized  of  course  that  the  oil  should  be  atomized  by  the 
steam  so  that  it  goes  to  the  cylinder  as  a  spray  or  mist,  and  thus 
coats  every  part  of  the  valves  and  cylinder.  Hence  good  re- 
sults cannot  be  obtained  with  high  grade  cylinder  oil,  when  this 
is  fed  between  the  throttle  and  cylinder,  or  directly  on  the  top  of 
valves,  even  when  operating  under  dry  steam  conditions,  because 
the  oil  would  thus  be  given  very  little  chance  to  atomize,  and  if 
the  flash  point  is  too  high,  the  tendency  is  for  the  oil  to  gum  and 
to  give  uneven  lubrication  to  the  different  parts.  Such  feeding 
also  necessitates  the  use  of  more  oil.  Again  too  often  the  oil  pipe 
is  inserted  into  the  steam  pipe  two  feet  or  less  from  the  cylinder 
and  only  protrudes  into  the  steam  pipe  a  short  distance.  As  a 
result  the  oil  drags  along  the  side  of  the  steam  pipe  and  so  does 
not  atomize  properly.  Better  results  would  be  obtained  if  the 
oil  pipe,  when  possible,  were  placed  6  to  8  feet  from  the  cylinder. 
This  would  allow  the  steam  more  time  to  atomize  the  oil;  while 
also  less  oil  of  a  finer  quality  having  a  higher  flash  could  be  used. 
If  a  good  cylinder  oil  adheres  to  the  sides  of  the  sight- feed  glass 
of  the  lubricator,  the  difficulty  can  be  remedied  by  lengthening 
the  condensation  connecting  pipe.  An  atomizer  can  easily  and 
quickly  be  made  as  follows:  Insert  the  oil  pipe  into  the  steam 
pipe  at  least  three-fourths  of  the  way  across.  That  is,  if  the  steam 
pipe  is  8  ins.  in  diameter,  have  the  oil  pipe  project  into  it  (say)  6 
ins.  Plug  the  end  of  the  oil  pipe  and  bore  four  to  five  holes  in  one 
side  and  place  the  pipe  so  that  the  small  holes  will  face  the  same 
way  as  the  steam  is  passing.     This  will  tend  to  wipe  off  the  small 
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drops  of  oil  from  the  pipe,  and  also  assist  in  drawing  oil  from  the 
lubricator.  The  oil  coming  to  the  steam  in  small  drops  will 
atomize  quickly  and  more  thoroughly.  The  use  of  this  atomizer, 
of  course,  is  not  always  possible  where  steam  is  delivered  vertically 
upward  to  the  cylinders.  Good  judgement  must  be  exercised,  as 
it  is  sometimes  impracticable  to  place  this  atomizer  back  from  the 
throttle. 

The  physical  conditions  of  steam  referred  to  are  moisture, 
and  alkaline  properties,  often  imparted  to  it  by  boiler  compounds. 
It  is  known  that  mineral  oil  and  water  will  not  unite  so  as  to 
form  a  mixture  that  will  adhere  to  damp  cylinder  walls,  and  hence 
a  small  addition  of  fat  is  needed.  Excessive  moisture  comes  from 
over-taxed  or  priming  boilers,  or  from  dab  piping.  Sometimes 
this  moisture  contains  foreign  matter,  other  than  alkali,  which 
on  entering  the  cylinder,  adheres  to  the  oil  and  becomes  very 
hard  under  dry  distillation.  With  over-loaded  boilers,  the  mois- 
ture is  apt  to  be  delievered  irregularly,  especially  if  the  load  is 
fluctuating;  or  if  piping  is  long,  condensation  is  sure  to  be  a 
steady  factor  to  be  reckoned  with.  Short  piping  may  have  bends 
and  pockets  in  which  water  will  collect  and  be  delivered  to  the 
engine  in  sudden  rushes.  This  action  will  explain  why  an  engine 
will  seem  suddenly  to  lack  lubrication  at  times,  although  most  of 
time  the  lubrication  may  be  excellent.  A  boiler  compound  used 
continuously  in  small  quantities  will  cause  little  trouble,  but 
whenever  an  extra  amount  is  put  in  the  boiler  to  remove  scale, 
time  is  necessarily  required  to  restore  the  boiler  to  a  normal  work- 
ing condition.  Soda  ash,  is  a  satisfactory  boiler  compound  and 
is  not  as  dangerous  as  some  of  the  advertised  boiler  compounds, 
and  is  also  much  cheaper.  The  amount  of  cylinder  oil  to  use 
depends  largely,  of  course,  on  steam  pressure,  location  of  lubric- 
ator, length  of  stroke,  and  type  of  valve.  Two  drops  should  be 
sufficient  ordinarily,  and  one  drop  in  many  cases  is  ample.  The 
best  results,  in  fact,  are  obtained  by  the  use  of  the  least  amount  of 
oil  necessary  for  good  lubrication.  Putting  a  solution  of  salt  or 
potash  in  the  sight  feed  glass  will  increase  the  density  of  the  water 
and  cause  the  oil  to  flow  in  smaller  drops;  glycerine  has  the  same 
effect.  At  coal  mines  are  found  many  engines  that  carry  a  vari- 
able load;  sometimes  these  are  at  less  than  75%  of  their  rated 
capacity,  and  with  the  pressure  often  falling  below  85  lb.      The 
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oil  in  these  circumstances  should  be  a  compound  filtered  cylinder 
stock  having  a  low  flash  point. 

In  the  lubrication  of  external  bearings,  the  method  of 
supplying  the  oil  is  of  greater  importance.  The  old  way  was  to 
oil  by  hand  feeding.  There  are  a  number  of  self-acting  oil  feeding 
appliances  which  can  be  applied  to  the  automatic  oiling  of  old 
machinery  originally  designed  for  hand  oiling.  There  is  only  one 
good  way  to  oil  any  part  of  machine  and  that  is  by  feeding  the  oil 
automatically.  Hand  oiling  is  in  every  way  wasteful  and  unsatis- 
factory. The  machine  receives  a  feast  or  a  famine  of  oil  and 
most  of  the  excess  oil  is  wasted.  Thurston  says:"  The  oil-bath 
sometimes  reduces  friction  to  I's  the  amount  observed  with  the 
hand  oiler. " 

Not  less  important  than  the  methods  for  delivering  oil  to  a 
machine  is  the  use  of  an  oil  having  the  right  body.  Fluid  friction, 
that  is  oil  friction,  is  very  important  in  high  speed  machinery. 
A  part  of  the  oil  between  journal  and  bearing  sticks  to  the  journal 
and  turns,  and  a  part  of  it  sticks  to  the  bearing  and  does  not  turn. 
These  two  films  of  oil  slip  upon  and  along  one  another,  and  some 
friction  is  set  up  between  them.  The  thicker  the  oil,  the  more 
and  the  thinner  the  oil,  the  less  there  is  of  this  interior  friction. 
Full  lubrication  is  obtained  by  the  use  of  the  thinnest  oil 
that  keeps  journal  and  bearing  apart.  The  friction  in 
the  oil  itself  depends  largely  on  speed.  In  slow  speed 
machinery  with  high  journal  pressure,  a  heavier  bodied 
oil  should  be  used.  The  law  of  friction  in  the  oil  itself 
at  high  speed  is:  The  friction  increases  as  the  square 
of  the  speed.  Increase  the  speed  by  ten  and  you  increase  the 
friction  by  one  hundred,  increase  the  speed  by  a  hundred,  and  you 
increase  oil  friction  by  ten  thousands.  At  high  speed,  friction  is 
almost  incredibly  great  in  amount.  A  large  number  of  engine 
and  machine  oils  sold  by  jobbers  are  doped  to  increase  body  and 
flash  point.  Emil  F.  Diedriche,  a  former  large  jobber  and  an 
authority  on  the  compounding  of  oils  and  greases  says:  "To  give 
oils  a  viscous  consistency  (i.  e.  to  increase  their  viscosity)  they 
are  often  compounded  with  proportions  of  oleate  of  lead  (lead 
plaster)  dissolved  in  the  oils  at  a  temperature  of  from  140°  to 
160°F.  One  to  two  per  cent  of  unvulcanized  rubber  is  also 
dissolved    in   the   oil    and    stirred    together    under    heat    until 
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thoroughly  diffused.  Soap  in  various  proportions  and  thoroughly 
dried  is  also  compounded  in  petroleum  oils  by  heating  and 
stirring  until  freely  dissolved.  Lubricating  oils  have  also  been 
made  by  avaricoas  and  ignorant  compounders  by  mixing  heavy 
resin  oils  with  lighter  petroleum  oils,  in  the  proportion  of  two  to 
four  lbs.  to  the  gallon." 

The  viscosity  or  body  of  such  oils,  appears  deceptively  supe- 
rior to  some  of  the  best  lubricating  oils,  but  as  they  form  resinous 
deposits  under  the  influence  of  frictional  heat,  they  are  entirely 
unfit  for  lubricating  purposes,  their  effect  being  to  gum  up  the 
bearings  and  friction  is  as  a  result  greatly  increased.  This  class 
of  dope  rnight  be  used  for  oiling  slow  speed  machines  without 
disastrous  consequences,  but  one  can  readily  see  that  with  high 
speed  or  even  medium  speed  machinery,  an  enormous  increase 
in  friction  is  inevitable.  Therefore, in  oiling  shafting,  engines,  etc., 
use  the  self-oiling  principle  wherever  possible,  and  an  oil  with  the 
right  body.  An  oil  suitable  for  self-oiling  bearings  should  be  a 
straight  mineral  oil  with  a  gravity  of  24  to  29  and  a  flash  test  of 
375to40CF. 

Filtration  of  Oil. — A  good  engine  oil  can  be  filtered  inde- 
finitely, as  many  as  700  times.  A  very  good  filter  can  be  made  as 
follows:  Lay  a  fold  of  cheese  cloth  over  three  inches  of  white 
cotton  waste,  well  picked,  this  on  fine  felt  about  a  half  an  inch 
thick,  the  whole  on  a  perforated  sheet  or  a  fine  wire  cloth.  The 
oil  after  passing  through  the  filtering  medium,  drops  into  a  funnel 
connected  with  a  3^-inch  pipe.  At  the  lower  end  of  the  pipe  there 
is  a  funnel-shaped  flange  of  smaller  diameter  than  the  funnel  at 
the  upper  end  of  the  pipe.  The  small  pipe  is  of  such  length  that 
the  lower  end  comes  within  one  inch  of  the  bottom  of  the  tank  or 
vessel  having  at  least  14  inches  of  water.  This  kind  of  filter  is 
easy  to  make  and  easy  to  clean.  The  cheese  cloth  gathers  all  the 
coarse  dirt  which  can  be  shaken  off,  the  cotton  waste  removes 
finer  material,  and  the  felt  removes  most  of  the  remainder,  and 
the  final  cleaning  is  effected  by  the  water,  yielding  pratically  pure 
oil.  Heating  the  oil  increases  the  filtering  rate  but  does  not 
yield  a  superior  product.  For  this  reason  some  of  the  oil  filters 
on  the  market  are  equipped  with  a  steam  coil. 

Lubrication  of  Compressors. — A  pure  mineral  oil  having  a 
a   high   flash   point  is   required. 
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Air-Driven  Mining  Tools. — A  pure  mineral  oil  having  a  low 
cold  test  should  be  used. 

Cable  Lubrication. — First  treat  with  light  bodied  oil.  This 
oil  acts  as  a  lubricant  between  the  strands,  preventing  too  great 
friction  in  the  body  of  the  cable.  Next  apply  a  coating  of  'Anti- 
Corrosive  Chain  and  Cable  Coating.*  This  acts  as  a  seal  and 
prevents  corrosion.  After  operating  for  some  time,  an  application 
of  black  oil  should  be  used.  This  will  assist  in  reducing 
abrasion. 

Pit  and  Mine  Car  Lubrication. — The  proper  lubrication  of 
pit  car  journals  is  of  more  than  ordinary  importance  and  the 
writer  has  observed  that  it  receives  but  scanty  attention  in  some 
of  the  districts  visited.  The  desirability  of  adopting  a  standard 
pit  car  journal  is  a  matter  worthy  of  attention.  At  present 
there  is  a  wide  variation  in  the  types  in  use.  There  are  thousands 
of  pit  cars  in  daily  use  in  coal  mining  operations  in  Canada,  and 
each  car  having  four  wheels,  it  will  readily  be  seen  that  no  incon- 
siderable part  of  the  cost  of  maintenance  is  chargeable  to  pit  car 
wheels.  Nevertheless  the  lubrication  of  pit  car  journals  is  not 
done  systematically  and  with  the  care  and  attention  requisite  to 
ensure  the  best  results.  There  are  a  number  of  reasons  for  this; 
one  of  the  most  prominent  is  due  to  the  present  type  of  wheel  and 
the  poorly  designed  oiling  device  used  to  lubricate  the  journals. 
Much  of  the  pit  car  oils  used  is  wasted  in  the  writers'  opinion. 
This  loss  is  fully  60%  of  the  quantity  used  and  this  figure  is  prob- 
ably often  exceeded.  The  men,  or  frequently  boys,  employed 
at  coal  mines  to  look  after  the  oiling  of  pit  cars,  seem  to  think 
that  it  is  their  duty  to  fill  the  cavity  in  each  wheel  with  oil  until 
it  runs  out  in  a  small  stream  at  one  of  the  openings  in  the  wheel 
cavity  and  then  pass  on  to  the  next  wheel  with  the  oil  can  in  an 
inverted  position,  leaving  a  trail  of  oil  from  one  end  to  the  other 
of  the  string  of  cars  being  oiled,  the  position  of  each  wheel  being 
marked  by  a  pool  of  oil.  Thus  frequently,  more  oil  is  wasted 
than  would  oil  every  wheel  and  journal  if  applied  in  a  proper 
manner  on  the  bearing  surfaces. 

Briefly,  mining  cars  may  be  divided  into  two  classes :  Those 
making  use  of  the  self-oiling  principle,  and  those  with  bearings 
of  the  open  type.     For  the  former,  winter  and  summer  black 
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oils  have  been  found  satisfactory,  or  a  cheap  semi-fluid  grease. 
In  one  case  experiments  with  different  kinds  of  oils  and  greases 
were  made,  and  it  was  found  that  if  the  bearings  were  periodically 
cleaned  thoroughly,  the  cheaper  grades  of  oils  and  greases  gave 
fully  as  efficient  lubrication  as  the  highest  priced  lubricants. 

With  reference  to  the  latter  type  of  cars,  the  use  is  recom- 
mended of  an  automatic  greaser,  consisting  of  a  scalloped  wheel  or 
brush  which  revolves  in  a  trough  of  grease  and  makes  contact 
with  the  axle.  With  such  a  greaser,  a  special  grease  of  a  sticky 
nature,  not  costing  more  than  three  cents  a  pound,  is  advised. 

Again,  many  mine  superintendents  could  materially  reduce 
the  amount  of  car  oil  used,  and  at  the  same  time  secure  equally  as 
good  if  not  better  lubrication.  This  result  could  be  achieved, 
by  placing  a  competent  man  in  charge  of  the  oiling.  Such  a  man 
who  will  more  than  earn  his  wages  even  if  somewhat  higher  than 
the  ordinary  wages  for  his  work.  The  monthly  quantity  of  6il 
used  should  be  recorded  carefully  and  systematically  and  charged 
against  the  monthly  production.  The  quantity  of  oil  used  per 
ton  mined  should  be  reduced  until  finally  a  safe  working  point 
has  been  established  and  therefore  maintained  under  normal  con- 
ditions. Of  course,  if  the  tonnage  falls  off  to  any  considerable 
extent  under  established  conditions,  the  car  oil  will  not  drop  in 
the  same  ratio. 

Storage  of  Lubricating  Oils. — It  is  useless  to  maintain  an  oil- 
house,  unless  a  record  is  kept  of  where  the  oils  are  being  used,  and 
in  this  connection  it  might  be  well  to  keep  a  record  of  the  amount 
of  oil  required  by  the  different  oilers.  Each  man  should  receive  a 
card  upon  which  his  receipts  of  oils  and  greases  are  recorded  and 
a  charge  made  against  his  particular  station,  that  is,  against 
machinery  or  equipment  he  oils.  Each  card  serves  for  one 
month;  at  the  end  of  the  month  all  cards  are  turned  in,  and  an 
estimate  made  of  the  quantity  of  oil  requisitioned  and  on  hand. 
Any  wastage  of  oil  by  an  individual  oiler  will  soon  become 
apparent,  as  will  also  any  misuse  or  misappropriation.  The 
moral  effect  on  the  oiler  of  this  practice  is  also  good,  and 
results  in  making  him  less  wasteful  in  his  use  of  oil.  For  the 
recording  of  the  daily  oil  consumption  the  appended  form  may 
be  recommended. 
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PULVERIZED  FUEL  FOR  LOCOMOTIVES 
By  J.  S.  Coffin,  Jr. 

Annual  Meeting,  Montreal,  March,  1917, 

The  Canadian  Department  of  Railways  and  Canals  report 
that  for  the  year  ending  June  30,  1915,  the  total  mileage  cov- 
ered by  a  total  number  of  5,486  locomotives  in  use  on  Canadian 
railways  was  116,354,044  miles.  This  represents  an  average 
mileage  per  locomotive  per  annum  of  21,209  miles;  or  a  rate  of 
58  miles  a  day,  or  only  2.4  miles  an  hour.  It  may  be  assumed, 
therefore,  that  at  present  over  one-half  of  the  time  of  locomo- 
tives is  spent  at  terminals,  attributable  mainly  to  the  necessity 
for  cleaning  fires,  ashpans,  flues  and  smokeboxes;  to  time  occu- 
pied in  inspecting  and  repairing  draft,  grate  and  ashpan  appli- 
ances; and  for  firing  up.  Moreover,  the  delays  to  locomotives 
while  waiting  their  turn  to  reach  the  ashpit  track  to  receive 
attention  as  above  mentioned,  frequently  exceeds  the  time  that 
is  occupied  in  the  performance  of  the  work  itself;  and  during 
these  delays  much  fuel  is  needlessly  consumed,  while,  also, 
boilers  are  subjected  to  excessive  contraction  and  expansion. 

By  the  use  of  pulverized  fuel  for  locomotives,  ashpit  delays 
are  entirely  avoided  and  this  would  result  in  considerably  relieving 
the  terminal  congestion  now  existing.  Hence  the  equipping  of 
locomotives  at  present  in  use  to  burn  pulverized  fuel  affords  an 
easily  available  and  rapid  means  for  overcoming  the  existing 
serious  freight  congestion,  and  at  the  same  time  would  enable 
Canadian  railways  to  increase  their  earnings  considerably. 

A  large  percentage  of  Canadian  coals  are  very  friable. 
This  precludes  their  successful  and  economical  use  when  fired 
on  grates  in  a  locomotive  firebox,  but,  as  the  results  of  the  tests 
here  presented  demonstrate,  these  coals  including  lignite,  when 
properly  prepared  in  pulverized  form,  are  capable  of  being 
utilized  economically  for  the  generation  of  steam  as  a  substitute 
for  the  higher  priced  fuel  oil  and  imported  coals,  and  at  the  same 
time  ensure  smokeless,  sparkless,  cinderless  and  sootless  opera- 
tion, thus  meeting  public  demand  and  legislative  requirements 
with  respect  to  smoke  abatement  and  fire  hazards. 

(416) 
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History. — Although  as  early  as  1818  experimentation  with 
coal  dust  as  a  fuel  was  undertaken,  no  actual  industrial  applica- 
tion was  made  until  189vS,  when  its  use  in  cement  works  was 
introduced  as  a  result  of  the  high  price  of  fuel  oil. 

During  the  past  twenty  years  the  Manhattan  Elevated 
Railroad  in  New  York  City,  the  Swedish  Government  Railway, 
and  some  other  steam  roads  have  also  experimented  with  the 
burning  of  peat  and  coal  in  pulverized  form  for  locomotiv^e  pur- 
poses. So  far  as  is  knowai,  however,  thte  first  loco'motive  using 
fuel  in  this  fbrm  and  successfully  operated  in  regular  train-service, 
w'oJs  an  engine  of  the  10-wheel  type  on  the  New  York  Central 
Railway.  It  was  provided  wnth  a  self-contained  equipment  for 
burning  pulverized  fuel  in  suspension.  The  engine  was  con- 
verted during  the  early  part  of  1914. 

Since  then  locomotives  burning  pulverized  fuel  are  in  use 
on  many  of  the  large  railways  in  the  United  States;  and  more 
recently  they  have  been  introduced  in  Brazil.  Installations, 
in  fact,  are  now  being  made  as  rapidly  as  the  equipment  can  be 
produced. 

Coal  suitable  for  pulverized  fuels. — From  investigation  of  the 
various  coals  tested  to  date  it  may  be  affirmed  that  any  solid  fuel 
when  in  a  dry  pulverized  form,  having  two-thirds  of  its  content 
combustible,  is  suitable  for  steam  generating  purposes.  Inferior 
grades  of  coal,  anthracite  culm,  dust  and  slush,  and  bituminous 
and  lignite  slack,  screenings  and  dust,  as  well  as  domestic  and 
steam  grades  of  anthracite,  bituminous,  semi-bituminous  coals, 
and  lignite  and  peat,  are  all  suitable  for  burning  in  pulverized 
form. 

Both  time  and  money  spent  in  briquetting  small  coal  for 
use  in  locomotives  is  wasted  for  the  most  part,  since  the  bonding 
material  will  always  burn  out  first,  and  does  not  add  appreciably 
to  the  fuel  value  of  the  coal.  Moreover,  the  cost  of  briquetting 
at  75  cents  to  $1.00  per  ton  is  prohibitive.  The  most  efficient 
solution  of  the  'small  coal'  problem,  therefore,  will  be  obtained 
by  the  use  of  pulverized  fuel. 

Preparation. — In  order  to  produce  the  best  results  the  fuels 
must  be  dried  mechanically  until  their  moisture  content  does 
not  exceed  1%.     The  required  degree  of  pulverization  will  be 
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reached  when  95%  of  the  crushed  coal  will  pass  a  100-mesh 
screen,  and  at  least  85%  will  pass  a  200-mesh  screen.  This 
dryness  and  fineness  is  essential  to  insure  every  particle  of  the 
fuel  burning  instantaneoush'  when  in  suspension.  To  accom- 
plish this  a  suitable  crushing,  drying,  grinding,  conveying  and 
storage  plant  is  installed  at  the  principal  coal  handling  stations. 
(See  Figs.  1  and  2). 

Pulverized  fuel  should  be  stored  in  containers  of  metal 
or  other  fire  proof  material,  and  of  the  requisite  capacity  to 
supply  the  demand.  Care  must  also  be  taken  in  the  construction 
of  these  storage  hoppers  to  prevent  the  prepared  coal  absorbing 
any  moisture. 

Coaling  Stations. — The  coaling  station  consists  of  one  or 
more  overhead  storage  bins  capable  of  supplying  15  tons  of 
pulverized  fuel  to  a  locomotive  tender  in  three  or  four  minutes 
without  exposing  it  to  the  atmosphere,  or  producing  dust  clouds. 

Positive  control  of  the  fuel  flowing  to  and  of  the  air  thus 
displaced  in  the  tender  must  be  provided.  Special  equipment, 
designed  to  secure  the  foregoing  requirements,  must  therefore 
be  installed. 

Equipment. — By  referring  to  the  accompan  ying  illustration 
in  this  paper  (Fig.  3),  a  general  idea  will  be  obtained  of  the 
equipment  that  is  used  for  burning  pulverized  fuel  in  a  steam 
locomotive. 

The  following  desiderata  have  been  kept  in  mind  in  design- 
ing this  equipment: — 

(1)  Readily  applicable  to  either  new  or  existing  locomo- 
tives of  standard  design. 

(2)  Simplicity  and  the  standardizing  of  various  details, 
making  them  interchangeable  for  different  types  and  sizes  of 
locomotives. 

(3)  Applying  all  possible  operating  equipment  in  a  self- 
contained  manner  to  the  tender  fuel  tank,  leaving  only  the  fuel 
and  air  supply  control  levers  in  the  cab. 

(4)  The  elimination  of  all  complicated  fuel  conveying 
mechanism  betw^een  engine  and  tender. 

(5)  Elimination  of  all  manual  handling  of  fuel,  fire  or 
ashes  in  the  operation. 
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(6)  Positive  control  oxer  the  fuel  feed,  to  quickly  meet  all 
conditions  of  road  or  terminal  operation. 

(7)  Provision  for  quick  firing  up,  free  steaming,  perfect 
combustion,  regularity  of  boiler  pressure,  uniform  firebox  tem- 
perature and  maximum  capacity  of  boiler  with  the  minimum 
heat  loss. 

(8)  The  entire  regulation  of  combustion  is  controlled  by 
three  levers  in  the  cab,  namely:  fuel  feed,  air  supply  and  induced 
draft  (the  latter  is  only  used  when  locomotive  is  not  using  steam). 

(9)  The  arrangement  of  the  refractory  material  so  as 
to  provide  ready  accessibility  to  all  parts  of  the  firebox  for  in- 
spection and  maintenance. 

(10)  Positive  assurance  of  a  supply  of  dry  fuel  under  all 
conditions  of  weather. 

(11)  Elimination  of  any  need  for  firing  tools,  such  as  scoops, 
rakes, hoes, slash  bars  and  grate  shakers;  as  well  as  the  elimination 
of  cab  glare,  heat,  and  lowering  of  firebox  temperature  and 
draft  resulting  from  furnace  door  openings. 

(12)  Reduction  to  minimum  of  noise  and  dust  in  the  cab. 

(13)  The  reduction  of  enginehouse  facilities,  delays,  and 
expense  incident  to  the  building,  preparing,  cleaning  and  dump- 
ing of  fires,  and  hostlering  locomotives.. 

(14)  Making  the  pulverized  fuel  burning  and  storage  equip- 
ment on  the  engine  and  tender  readily  convertible  for  the  use  of 
fuel  oil. 

Operation. — In  firing  up  a  locomotive  the  draft  is  formed 
in  the  usual  manner  by  turning  on  the  stack  blower.  Then  a 
piece  of  lighted  waste  is  put  through  the  firebox  door  opening 
and  placed  on  the  furnace  floor  directly  ahead  of  the  primary 
arch.  The  pressure  fan  and  one  of  the  fuel  and  air  pressure 
feeders  are  then  started.  Full  steam  pressure  can  be  obtained 
in  from  forty-five  minutes  to  one  hour  from  water  at  a  tempera- 
ture of  40°  Fahr.  The  fire  is  then  controlled  by  regulation  of 
the  fuel  and  air  supply  to  meet  the  various  conditions  of  stand- 
ing, drifting  or  working.  The  stack  blower  is  used  only  when 
the  engine  is  not  working  steam. 

The  feeding  and  burning  of  pulverized  fuel  is  briefly  as 
follows : — 

The  pulverized  fuel  gravitates  from  the  fuel  tank  on  the 
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tender  to  the  convey^or  screws  and  is  carried  to  the  fuel  and 
pressure  air  coniniingler  where  it  is  thoroughly  mixed  with  and 
carried  b\'  the  'pressure  air'  through  the  connecting  hose  to  the 
fuel  and  pressure  air  nozzles  on  the  engine.  From  these  nozzles, 
it  is  blown  into  the  fuel  and  air  mixers  where  additional  induced 
air  is  supplied.  The  combustible  mixture,  thus  formed,  is  in- 
duced b>'  smokebox  draft  into  the  furnace,  where  it  ignites  in 
nearly^  a  gaseous  form.  The  flame  obtains  its  maximum  average 
temperature,  of  from  2,500  to  2,900  degrees  Fahrenheit,  in  the 
forward  combustion  zone  under  the  main  arch,  where  auxiliary 
heated  air,  drawn  in  by  the  smokebox  draft,  is  added  to  finally 
complete  combustion. 

On  account  of  the  pulverized  nature  of  the  fuel,  each  particle 
is  assured  of  being  in  direct  and  intimate  contact  with  sufficient 
air  to  complete  its  combustion.  The  particles  of  white  feathery 
ash  left  in  suspension  are  either  carried  with  the  gases  through 
the  flues  and  out  of  the  stack,  or  (when  the  temperature  is  higher 
than  the  fusing  point  of  the  ash)  they  are  melted  into  slag  which 
runs  down  the  underside  of  the  main  arch  and  the  front  and 
sides  of  the  furnace  walls,  into  the  self-clearing  slagpan,  where, 
by  air  cooling,  it  solidifies.  The  slag  is  readily  dumped  in  the 
round  house  by  means  of  drop  bottom  doors,  thus  eliminating 
ash-pits. 

By  referring  to  Fig.  3  it  wall  be  observed  that  the  flame  and 
products  of  combustion  at  all  times  flow  by  induction  towards 
the  stack,  for  as  explained  above,  the  fuel  is  blown,  or  forced, 
as  it  were,  only  as  far  as  the  mixing  chamber,  and  induced  from 
that  point. 

As  a  result,  all  destructive  impinging  action  against  the  brick 
work  and  heating  surfaces,  is  eliminated. 

The  fuel  and  pressure  air  feeder  are  so  arranged  that  a  certain 
number  of  revolutions  represents  a  predetermined  weight  of  coal; 
and  as  each  feeder  has  a  range  in  capacity  of  from  500  to  4,000 
pounds  of  pulverized  fuel  per  hour,  and  as  it  is  possible  to  easily 
apply  one  to  five  of  these  to  the  ordinary  locomotive  tender,  no 
difficulty  is  experienced  in  supplying  the  requirements  of  present 
day  locomotives. 

Danger. — Any  combustible  material  or  organic  dust  of  a 
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given  fineness,  carried  in  suspension  at  a  given  temperature,  i  s 
explosive. 

Pulverized  dry  coal  of  the  required  degree  of  fineness  is  not 
dangerous  unless  in  suspension,  in  nearly  still  air  and  mixed  with 
the  proper  proportion  of  oxygen  at  the  requisite  temperature 
to  produce  primary  ignition. 

Where  pulverized  fuel  has  been  stored  and  kept  at  a  tem- 
perature below  150  degrees  Fahrenheit  in  dry,  air-tight  and 
fire-proof  bins,  no  cases  of  spontaneous  combustion  are  known 
to  have  occurred. 

Analysis  of  coal  burned  in  pulverized  form  compared  with 
analysis  of  Canadian  coals  in  different  provinces. — Tables  1  and 
2  are  of  interest  in  comparing  the  analyses  of  various  coals  that 
have  been  successfully  burned  in  pulverized  form  on  locomotives 
in  regular  train-service  with  the  analyses  of  representative  coals 
mined  in  Canada. 

Table  No.  i 

ANALYSIS  OF  SOME  FUELS  WHICH  HAVE  BEEN  SUCCESSFULLY 

BURNED  IN  PULVERIZED  FORM  ON  LOCOMOTIVES  IN 

REGULAR  TRAIN  SERVICE 


Name 


Used 

1n 

_o 

3 

43 

By 

On 

15 

c3 
O 
> 

Ash 

a 

3 
C/) 

N.Y.C. 

Loco. 

.44 

26.27 

62.00 

11.43 

1.35 

C.  & 

N.W. 

Loco. 

3.70 

35.25 

48.74 

10.61 

1.70 

N.Y.C. 

Loco. 

.88 

25.67 

63.05 

10.40 

1.64 

N.Y.C. 

Loco. 

1.73 

14.02 

60.04 

25.94 

8.25 

D.&H. 

Loco. 

21.52 

33.08 

29.28 

16.12 

1.97 

D.&H. 

Loco. 

.65 

33.45 

40.1 

26.43 

.84 

D.&H. 

Loco. 

.48 

13.68 

70.83 

15.49 

.94 

D.&H. 

Loco. 
Loco& 

.40 

15.39 

73.64 

10.57 

.90 

D.&H. 

Boiler 

8.84 

33.97 

54.63 

11.40 

D.&H. 

Loco.* 

.50 

29.50 

60.00 

10.00 

1.50 

Hudson 

CoalCo. 

Boiler 

1.00 

6.00 

71  00 

22.00 

2.50 

C.& 

N.W. 

Loco. 

2.46 

36.00 

54.00 

7.94 

.79 

°r    B.T.U 


Atlas  Portland  Cement 
Illinois  Unwashed 

Screenings 

American  Loco.  Co .  .  . 

Central  of  Brazil 

Texas  Lignite 

Eagle  Pass 

Bankhead  Coal 

Canmore  Coal 

Canadian    Pacific    Ry. 

Bienfait  Lignite.  .  .  . 

(1)  Run-of-Mine 
Bituminous 

(2)  Hudson   Coal   Co., 
Anthracite  Slush . . . 

Kentucky  Unwashed 
Screenings 


12,400 

13,912 

10,904 

7,801 

8,845 

13,950 


13,750 
11,250 
13,964 


*A  mixture  of  40%  of  (1)  and  60%  of  (2)  were  used. 
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Table  No.  2 

ANALYSIS    OF    SOME    DIFFERENT    COALS    THROUGHOUT    THE 
DOMINION  OF  CANADA 


Equivalent 

S 

<u 

^ 

Evaporation 

3 

3 

per  pound 

Mine 

^ 

"Sl 

Ash 

B.T.U. 

, 

"o 

o 

> 

3 
CO 

Un- 
washed 

Washed 

Nova  Scotia 

Joggins 

1.3 

36.6 

44.8 

18.6 

5.4 

11,600 

5.66 

6.22 

J        Of*                 . 

Springhill 

2.2 

33.3 

63.3 

3.4 

1.0 

14,190 

6.63 

7.36 

Pictou 

3.6 
9.3 
3.5 

33.3 
40.0 
37.4 

55.4 
49.6 

55.4 

11.3 
10.4 

7.2 

0.6 
6.0 
2.9 

13,230 
12,150 
13,770 

5.46 
6.74 

7.24 

Inverness 

5.67 

CapeBreton  or  Sydney 

7.01 

New  Brunswick 

Kings  Mine 

1.3 

32.2 

53.4 

14.4 

5.8 

12,890 

6.03 

6.80 

(Queens  County) 

Saskatchewan 

Taylorton 

28.6 

42.9 

49.0 

8.1 

0.6 

10,690 

3.91 

Estevan 

30.9 

40.0 

43.2 

16.8 

0.5 

9,650 

Alberta 

Strathcona  Lignite.  .  .  . 

22.7 

41.0 

47.0 

11.4 

0.4 

10,730 

Parkdale  Lignite 

22.5 

37.8 

51.3 

10.9 

0.4 

10,910 

4.98 

Standard  Mine  Lignite 

23.5 

42.0 

49.9 

8.1 

0.4 

11,360 

Taber  Mine  Lignite .  .  . 

13.0 

36.0 

49.9 

14.1 

1.4 

11,040 

3.91 

Lethbridge  Lignite. .  .  . 

8.4 

37.5 

51.5 

11.0 

0.8 

11,710 

5.92 

Coleman  Seam  2 

2.0 

25.1 

55.1 

19.8 

0.4 

11,720 

7.17 

7.60 

Coleman  Seam  4 

2.0 

23.9 

59.9 

16.2 

0.6 

12,530 

Passburg,  Leitch  Col .  . 

1.9 

27.0 

55.1 

17.9 

0.6 

12,240 

6.61 

Hillcrest,  Hillcrest  Col . 

3.0 

29.3 

55.4 

15.3 

0.6 

12,460 

6.63 

7.77 

Hillcrest,  Bellevue  Col. 

0.9 

27.6 

56.9 

15.5 

0.8 

12,380 

7.41 

7.40 

Canmore  No.l 

1.2 

17.2 

70.5 

12.3 

0.8 

13,210 

7.74 

8.44 

Bankhead 

1.1 

12.6 

73.3 

14.1 

0.6 

13,080 

7.30 

8.20 

Bankhead  Coal  Dust.  . 

2.7 

17.1 

68.6 

14.3 

0.6 

13,100 

7.27 

Michel  No.  3  Mine.... 

1.4 

24.8 

62.7 

12.5 

0.5 

13,270 

8.06 

8.16 

Michel  No.  7  Mine 

1.9 

22.6 

65.5 

11.9 

0.4 

13,360 

8.11 

Michel  No.  8  Mine 

3.0 

24.1 

65.7 

10.2 

0.6 

13,480 

8.24 

Hosmer  No.  2  Seam . .  . 

1.7 

21.3 

63.4 

15.3 

0.3 

12,710 

7.84 

Hosmer  No.  6  Seam. . . 

2.6 

25.6 

62.0 

12.4 

0.6 

13,090 

7.57 

Hosmer  No.  8  Seam. . . 

4.0 

28.0 

64.5 

7.5 

0.6 

13,990 

Coal  Creek  No.  2  Mine 

2.2 

26.3 

64.7 

9.0 

0.5 

13,820 

8.66 

Coal  Creek  No.  5  Mine 

1.6 

24.0 

65.2 

10.8 

0.5 

13,480 

8.25 

Middlesboro  Colliery 

No.  1  Mine 

4.4 

39.1 

46.4 

14.5 

0.9 

11,680 

6.17 

Middlesboro  Colliery 

No.  2  Mine 

2.9 

39.0 

48.1 

12.9 

0.7 

12,170 

6.22 

Vancouver  Island 

Wellington 

1.8 

40.1 

49.8 

10.1 

0.4 

13,160 

6.76 

Douglas  Seam 

2.2 

41.2 

48.5 

10.3 

0.9 

12,830 

6.59 

Newcastle  Seam 

2.4 

41.5 

46.6 

11.9 

1.3 

12,470 

6.17 

Comox  Seam 

1.0 
7.0 

30.8 
34.3 

60.3 
42.7 

8.9 
23.0 

0.8 
1.0 

13,590 
11,100 

7.41 
5.92 

7.68 

Suquash  Seam 
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These  fuels  differ  more  in  physical  characteristics  than  in 
chemical  composition.  The  carbon  and  hydrogen  content  are 
usually  taken  into  account  for  classification  purposes,  since  the 
calorific  value  is  mainly  dependent  on  the  percentages  of  these 
elements. 

General  Results. — ^When  coal  is  fired  in  pulverized  form  at 
the  rate  of  3,000  pounds  per  hour,  the  smokebox  gas  analysis 
will  average  between  13%  and  14%  CO2;  when  fired  at  the  rate 
of  4,000  pounds  per  hour  the  CO2  increases  to  between  15%  and 
16%,  showing  that  there  is  no  falling  off  in  ef^ciency  as  the  rate 
of  combustion  increases  as  is  the  case  when  coarse  coal  is  fired 
in  the  usual  way.  Smokebox  temperatures  have  varied  from 
430  to  482  degrees  Fahrenheit,  the  temperature  of  the  super- 
heated steam  varying  from  580  degrees  to  715  degrees  Fahrenheit, 
respectively.  The  evaporation  per  pound  of  coal  averages  from 
8.5  to  12  pounds  of  water,  from  and  at  212  degrees  Fahrenheit. 
The  boiler  efficiency,  which  on  a  superheater  equipped  locomo- 
tive boiler,  working  at  from  one-half  to  maximum  boiler  horse- 
power capacity,  ranges  from  65  to  55%,  is  increased  from 
10%  to  20%.  The  sulphurous  and  other  obnoxious  gases  result- 
ing from  combustion  tend  to  combine  with  the  liquid  ash  thus 
reducing  materially  the  suffocating  effect  of  the  products  dis- 
charged from  the  stack. 

The  following  are  average  results  obtained  from  some  of  the 
coals  whose  analyses  are  shown  in  Table  1. 

Table  3. 

locomotive  performance — fuel  used — kentucky  screenings. 

Miles  run 171 

Running  time,  hours 3.87 

Train,  number  of  cars 5.8 

Train,  tonnage 291 

Speed,  miles  per  hour 44 . 2 

Drawbar  pull,  pounds 2,711 

Horsepower  per  hour 319.5 

Fuel  used,  tons 3.82 

Water  used,  gallons '8,381 

Fuel  per  H.P.  hour,  pounds p6.17 

Water  per  H.P.  hour,  pounds 56.48 

Evaporation,  water  per  lb.  of  coal,  pounds 9. 15 

Evaporation  from  and  at  212  degrees  Fahrenheit,  pounds 11.1 

Boiler  efficiency,  percent 77 
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Table  3  gives  average  results  obtained  with  an  Atlantic 
type  passenger  locomotive  burning  pulverized  fuel,  rated  at 
21,850  pounds  of  cylinder  tractive  power,  and  having  81-inch 
driving  wheels.  It  was  used  in  high-speed  passenger  service, 
on  round-trip  runsof  171  miles  in  length. 

The  combustion  results  as  indicated  by  the  smokebox  gas 
analysis  were  as  follows: — 

3,067  lb.  of  coal  per  hour  C02  =  14.5;  CO  =  0.0;  0  =  4.5 
3,498  lb.  of  coal  per  hour  C02  =  15.2;  CO  =  0.0;  0  =  2.8 
3,931  lb.  of  coal  per  hour  C02  =  15.2;  CO  =0.0;  0  =  4.0 
4,000  lb.  of  coal  per  hour  CO2  =  16.0;  CO  =  0.4;  0  =  2.6 

This  locomotive  performed  the  identical  service  of  the  re- 
gularly assigned  Pacific  type  locomotives  having  27,900  and 
33,700  lb.  tractive  power  and  69-inch  diameter  driver  wheels, 
but  burning  coarse  coal  on  the  grates. 

On  D.  &  H.  locomotive  No.  1200  they  are  now  burning 
dried  pulverized  anthracite  sludge  {i.e.  the  fine  coal  in  suspension 
in  the  waters  used  for  washing  coal)  mixed  with  40%  bituminous 
screenings.  The  wet  sludge  is  diverted  into  bins  where  the  liquid 
drains  off  leaving  the  fine  coal.    This  is  then  dried  and  pulverized. 

Exceptionally  good  results  are  being  obtained  with  this 
locomotive,  handling  full  tonnage  over  ruling  grades;  the  evap- 
oration being  about  7  lb.  of  water  from  feed- water  temperature 
per  pound  of  coal. 

Tests  of  pulverized  Bankhead  and  Canmore  coals,  and 
Bienfait  lignite,  were  conducted  about  a  year  ago  on  a  con- 
solidation type  of  locomotive,  having  63,000  pounds  tractive 
power,  63-inch  diameter  driver  wheels,  27"  x  32"  cylinders,  and 
carying  a  working  pressure  of  205  pounds.  This  locomotive 
is  the  largest  of  its  type  built  up  to  that  time.  At  the  com- 
mencement of  the  tests  the  firebox  brick  work,  air  admis- 
sion and  draft  adjustments  were  left  as  arranged  for  burning 
a  mixture  of  60%  anthracite  slush  mixed  with  40%  bitumin- 
ous screenings.  With  this  adjustment  Bankhead  coal  could  not 
be  burned  satisfactorily  on  account  of  it  not  being  possible  to 
hold  the  fire  when  the  locomotive  was  worked  at  full  capacity. 
The  heaviest  pull  made  was  two  miles  of  0.7%  ruling  grade  with 
1,577  adjusted  tons. 
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As  the  limited  amount  of  fuel  for  test  would  not  permit 
making  changes  in  the  fuel  burning  and  furnace  adjustments,  a 
test  was  made  on  October  9,  1916,  with  a  mixture  of  50%  Bank- 
head  and  50%  Canmore  coal.  With  this  mixture  the  per- 
formance was  much  more  satisfactory,  although  not  what  it 
would  have  been  as  regards  free  steaming  or  smoke  elimination 
if  the  furnace  had  been  specially  adjusted  for  this  fuel.  The 
heaviest  pull  made  was  34  miles  with  about  7|  miles  of  0.7% 
ruling  grade  and  2,302  adjusted  tons. 

During  a  test  made  on  October  10,  1916,  Canmore  coal  only 
was  used  and  while  the  steaming  was  excellent  the  combustion 
was  not  smokeless.  The  heaviest  pull  made  was  13  miles  with 
about  7^  miles  of  .7%  ruling  grade  and  2,015  adjusted  tons. 

On  October  11,  1916,  the  previous  days'  fuel  and  adjust- 
ment conditions  were  repeated  with  much  improved  combustion 
results.  The  heaviest  pull  made  was  13  miles  with  about  7| 
miles  of  .7%  ruling  grade  and  2,072  adjusted  tons. 

On  October  12,  1916,  a  mixture  of  90%  Canmore  coal  and 
10%  Bienfait  lignite  was  used  with  the  same  air  admission  and 
draft  adjustments,  but  with  a  change  in  the  furnace  brick  work 
to  suit  the  much  higher  volatile  fuel.  The  steaming  was  excel- 
lent and  the  combustion  gave  a  clear  and  clean  stack.  The 
engine  "could  not  be  knocked  out  of  steam"  and  after  an  8^-hour 
run  about  one  peck  of  slag  was  found  in  the  slagpan.  The 
heaviest  pull  made  was  11  miles  with  about  7^  miles  of  .7% 
ruling  grade  and  2,189  adjusted  tons. 

On  October  13,  1916,  no  run  was  made,  on  pending  instruc- 
tions regarding  the  use  of  the  lignite  which,  when  pulverized, 
contained  about  10%  of  moisture.  This  adverse  condition  was 
due  to  the  dryer  in  use  not  being  adapted  for  this  class  of  fuel. 
Although  the  moisture  content  was  from  7%  to  8%  higher  than 
that  allowable  for  the  best  results  with  lignite,  it  was  decided, 
on  account  of  the  previous  days  satisfactory  results,  to  proceed 
with  the  tests. 

On  October  14,  1916,  Bienfait  lignite  only,  with  8%  excess 
moisture  was  used,  with  the  same  adjustments  as  on  October 
12th.  The  steaming  was  not  as  good  as  desired,  on  account  of 
improper   furnace   adjustments   and   excess  moisture,    but   the 
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combustion  Wcis  smokeless  and  the  stack  clean.  The  heaviest 
pull  made  was  15  miles  with  about  7|  miles  of  .7%  ruling  grade 
and  2,106  adjusted  tons.  After  13^  hours'  run  about  2  quarts 
of  slag  were  found  in  the  slagpan.  No  dust  whatsoever  could 
be  felt  as  coming  from  the  stack,  which  was  absolutely  clear  of 
smoke,  soot,  cinders  and  sparks. 

On  October  15,  1916,  a  mixture  of  50%  Bankhead  coal  and 
50%  Bienfait  lignite  was  used  with  the  same  adjustments  as  on 
October  12th  and  14th.  This  mixture  and  adjustment  gave  the 
best  results  of  any  tried.  The  steam  pressure  ranged  from  a 
minimum  of  195  pounds  to  a  maximum  of  205  pounds,  with  an 
average  of  201  pounds.  The  locomotive  was  worked  as  hard 
as  it  ever  has  been  over  the  heaviest  pull  and  "could  not  be 
knocked  out  of  steam"  at  a  speed  of  20  miles  per  hour.  The 
smoke  ranged  from  0  to  1,  as  recorded  by  a  Ringlemann  chart, 
and  at  the  end  of  a  6|-hour  run  about  one  quart  of  slag  was  found 
in  the  slagpan.  The  heaviest  pull  made  was  11  miles  with 
about  7|  miles  of  .7%  ruling  grade  and  2,287  adjusted  tons  in 
thirty-nine  loaded  and  five  empty  cars. 

Conclusions  from  the  Above  Tests  with  Canadian  Coals 

Bankhead. — As  this  coal  is  extremely  low  in  volatile  matter, 
having  only  10.44%,  it  is  necessary  to  increase  the  volatile  by 
mixing  it  with  a  higher  volatile  coal  in  order  to  get  efficient  and 
economical  results. 

Canmore. — With  the  proper  adjustments  of  firebox  brick 
work,  air  admission  and  draft,  this  coal,  burned  alone,  will  give 
very  good  results;  but  with  a  mixture  of  about  90%  Canmore 
and  10%  Bienfait  lignite  practically  perfect  results  can  be 
obtained.  The  addition  of  the  lignite  is  desirable  to  increase 
the  percentage  of  volatile  matter  above  that  in  the  Canmore 
coal  alone. 

Bienfait  Lignite. — This  lignite,  properly  dried  and  pulverized 
and  burned  in  a  firebox  having  correctly  designed  brick  work, 
air  admission  and  draft,  will  produce  free  steaming,  and  no 
smoke,  soot,  cinders  or  sparks  in  locomotive  service. 

General  Conclusion.— The  best  results  will  no  doubt  be 
obtained  from  a  mixture  of  the  Bankhead  and  Canmore  coals; 
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a  mixture  of  either  or  both  of  the  Bankhead  and  Canmore  coals 
with  the  Bienfait  lignite;  or  the  use  of  straight  Bienfait  lignite 
for  either  locomotive  or  stationary  boiler  ser\"ice. 

Stationary  Boiler  Results 

By  the  use  of  pulverized  fuel,  the  boiler  pressure  can'  more 
readily  be  maintained,  increased,  or  reduced  to  meet  the  requi- 
rements, and  when  one  or  more  of  the  boilers  are  not  needed 
temporarily,  the  fuel  can  be  stopped  and  started  at  will,  thus 
eliminating  the  necessit>'  of  maintaining  banked  fires  and  burning 
fuel  when  not  required,  in  order  to  have  the  boilers  ready  for 
instant  use. 

The  following  table  indicates  the  results  accomplished  in 
the  combustion  of  inferior  grades  of  anthracite: 

Table  i   ' 

FOVTDEKED  FuEL  TESTS  ON  STIRLING  TYPE  BOILER 


Test  Number 

1 

2 

3 

4 

5 

6 

7 

Duration,  hours 

72 

336 

24 

48 

120 

240 

24 

Horsepower  rating 

463 

463 

463 

463 

463 

463 

463 

Horsepower  developed .  % 

133 

135 

147 

178 

112 

118 

124 

Fuel:— 

Anth 

Anth 

Anth 

Anth 

Anth 

Anth 

Anth 

Kind 

B.E. 
0.65 

86.0 

8.7 

B.E. 

0.65 

86.0 
8.9 

B.E. 
0.65 

85.0 

9.6 

B.E. 
0.65 

86.0 

9.8 

Slush 
0.8 

88.0 

7.8 

Slush 
0.8 

86.0 

8.1 

Slush 

Dryness,  percent 

Fineness,  %  through  200 
mesh         . .          

0.8 

88.0 

Evaporation,  from  and 
at212degreesFahr.,lb. 

8.5 

CO2,  average  % 

16.6 

16.3 

15.9 

16.6 

16.2 

16.5 

16.7 

\'acuum  in  breeching  up- 
take inches  of  water.  . 

0.25 

0.23 

0.22 

0.33 

0.27 

0.28 

0.27 

Vaccum  in  combustion 

chamber  inchesof  water 

0.16 

0.14 

0.13 

0.16 

0.17 

0.19 

0.15 

Boiler  pressure,  aver.  lb. 

140 

142 

141 

140 

143 

144 

145 

Flue-gas    temperatures, 
deg.,  Fahr.,  average.  . 

518 

525 

496 

603 

475 

580 

576 

The  performance  of  anthracite  birdseye  hand-fired  on  grates, 
compared  with  the  same  fuel  in  pulverized  form  and  burned  in 
suspension,  gives  an  average  increase  of  over  40%  in  the  evapora- 
tion in  favour  of  pulverized  coal. 
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In  order  to  secure  further  data  on  the  results  to  be  obtained 
from  the  use  of  pulverized  Bicnfait  lignite,  a  ten-hours'  test  was 
made  on  a  463  h.p.  nominal  rating  Stirling  type  of  boiler.  This 
boiler,  with  cold  water  and  brick  setting,  was  fired  up  on  October 
10th,  1916,  at  9  a.m.,  with  pulverized  bituminous  coal.  After 
1|  hours  135  pounds  steam  pressure  had  been  raised  and  the 
use  of  the  lignite  was  then  started  and  run  for  seven  hours,  after 
which  anthracite  slush  was  used  for  1^  hours  in  order  to  note 
the  comparative  results.  After  135  pounds  pressure  had  been 
raised  an  average  boiler  pressure  of  136  pounds  was  maintained, 
with  an  average  boiler  rating  of  461  h.p.  or  99.6%.  The  opera- 
tion of  the  furnace  was  excellent,  the  stack  clear  and  about  one 
cubic  foot  of  slag  collected  in  the  slagpan. 

The  test  therefore  shows  that  this  lignite  can  successfully 
and  economically  be  burned  under  stationary  boilers. 

ADVANTAGES 

As  already  mentioned  pulverized  fuel  provides  smokeless, 
sootless,  cinderless  and  sparkless  operation  of  locomotives,  thus 
meeting  legislative  requirements  and  public  demand  incident  to 
fire  and  smoke. 

The  expenditure  for  locomotive  fuel  for  steam  railways  in 
Canada  now  approximates  nearly  $30,000,000  per  year,  of  which 
about  one-third  is  expended  to  kindle,  prepare,  clean  and  main- 
tain fires  on  grates  when  the  locomotives  are  standing,  drifting, 
or  otherwise  not  actually  using  steam  to  move  themselves  either 
light  or  with  trains. 

By  comparative  tests  made  between  similar  locomotives  in 
the  same  service,  it  was  found  that  2,775  pounds  of  lump  coal, 
hand  fired,  was  used  to  get  up  steam  and  for  terminal  handling 
and  dead  time,  as  against  1,569  pounds  of  pulverized  screenings, 
or  an  increase  of  over  76%.  In  firing  up  alone  the  greatest 
saving  results,  as  1,700  pounds  of  lump  coal  were  required  as 
compared  with  750  pounds  of  pulverized  screenings,  or  an  in- 
crease of  over  125%. 

The  excessive  rates  of  evaporation  required  to  furnish  the 
large  quantity  of  steam  demanded  by  the  modern  locomotive 
necessitates  the  utilization  of  heat  units  that  now  go  out  of  the 
stack  and  into  the  ashpan  when  solid  fuel  is  fired  on  the  grates. 
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The  proper  burning  of  pulverized  fuel  in  suspension  re- 
presents the  most  advanced  method  for  obtaining  perfect  com- 
bustion, with  minimum  heat  losses. 

A  cubic  inch  of  solid  coal  exposes  only  six  square  inches  of 
surface,  but  when  pulverized  to  the  required  fineness  exposes 
about  twenty-five  square  feet  of  surface.  This  enables  faster 
and  more  uniform  gas  production  from  the  volatile  matter,  and 
each  particle  of  combustible  matter  is  in  direct  and  intimate 
contact  with  the  required  amount  of  air  which  results  in  complete 
combustion  before  reaching  the  flues. 

There  is  no  cooling  of  the  fire  by  heavy  intermittent  charges 
of  fresh  coal  and  excess  air  entering  the  firebox  through  the  fire 
door  and  grates,  as  is  the  case  wth  hand  or  mechanical  stoking  on 
grates.  The  refractory  material  in  the  furnace  retains  the  heat  and 
prevents  chilling  of  the  firebox  and  flues  when  the  fire  is  out.  As 
practically  dry  fuel  is  fed  into  the  firebox,  there  are  no  heat  losses 
in  vaporizing  moisture.  \\'ith  powdered  coal,  there  is  no  com- 
bustible inatter  left  in  the  ash,  and  consequently  there  is  a  com- 
plete saving  of  the  former  ashpit  loss — a  loss  which  often  runs 
from  2%  to  7%  of  the  total  fuel  fired  either  by  hand  or  mechanica 
stokers. 

Resources,  Production  and  Consumption 

From  the  Government  investigation  of  the  coals  of  Canada, 

it  is  reported  that  the  actual  reserve  for  the  different  Provinces, 

is  as  follows : — 

Actual  Reserve 


Province 

Metric  Tons 

Class  of  Coal 

No^-a  Scotia 

No\a  Scotia 

Saskatchewan 

Alberta 

2,137,736,000 
50,000,000 
2,412,000,000 
382,500,000,000 
1,197,000,000 
2,026,800,000 

669,000,000 

23,653,242,000 

118,000,000 

60,000,000 

Bituminous  coal 

Cannel  coal 

Lignite 

Lignitic  or  sub-bituminous 

Alberta 

Low  carbon  bituminous  coal 

Alberta 

Bituminous     and      anthracitic     or 

Alberta  

high  carbon  aituminous 
Semi-anthracite  coal 

British  Columbia.  . 
British  Columbia.  . 
British  Columbia.  . 

Semi-anthracite  and  bituminous 
Low  carbon  bituminous 
Lignite 

Total 

414,804,193,000 
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Although  Canada  has  large  reserves  of  coal,  the  Department 
of  Mines  reports  that  during  1915  52%  or  12,465,902  tons  of 
the  coal  consumed  in  this  country  was  imported,  and  of  the  13,- 
209,371  tons  produced,  only  1,766,543  tons  were  exported. 

The  steam  locomotives  operating  in  Canada,  consumed  in 
1915,  6,903,418  tons  of  coal,  which  is  approximately  29%  of  the 
total  consumption  for  the  entire  Dominion  and  about  53%  of 
Canada's  production. 

By  using  Canadian  fuels  that  cannot  now  successfully  and 
economically  be  burned  on  grates,  on  account  of  their  physical 
characteristics,  but  which  can  very  efficiently  be  burned  in 
pulverized  form,  not  only  will  the  natural  resources  of  the  country 
be  developed  extensively  and  increased  tonnage  produced,  but 
the  railways  will  materially  benefit  by  the  elimination  of  import 
duty  and  the  reduction  of  high  transportation  charges. 


Discussion 


The  President. — When  we  consider  that  of  the  total  annua 
consumption  of  coal  in  Canada  one-third,  at  present,  is  furnished 
to  railway  companies  for  locomotive  fuel,  the  great  possibilities 
of  reducing  the  consumption  of  high-grade  steam  coal  and  of 
using  instead,  by  the  means  Mr.  Coffin  has  explained,  products 
that  heretofore  have  been  regarded  as  valueless,  for  this  purpose, 
will  be  realised.  In  this  connection  I  should  like  to  have  Mr. 
Coffin's  opinion  concerning  the  practicability  of  utilizing  peat  in 
powdered  form.  I  understand  that  on  the  Government  railroads 
of  Sweden  pulverized  peat  is  already  being  used  successfully  as  a 
locomotive  fuel. 

Mr.  Coffin. — Peat,  I  believe,  is  quite  capable  of  being  sue 
cessfuUy  utilized  as  a  locomotive  fuel.  It  is  very  rich  in  volatile 
matter,  as  is  well  known.  As  yet,  however,  our  experiments  with 
this  material  are  not  complete. 


THE  FUTURE  OF  THE  COAL  TRADE  OF  THE 
EMPIRE. 

By  Allan  Greenwell. 

Annual  Meeting,  Montreal,  March,  1917 

One  of  the  many  interesting  problems  arising  out  of  the 
War  relates  to  the  permanent  or  transitory  character  of  industrial 
and  commercial  changes.  Prominent  among  these  changes  is 
that  which  has  taken  place  in  international  coal  distribution. 

During  the  period  preceding  the  war,  keen  international 
competition  was  at  work,  made  evident  by  tendencies  rather  than 
bymarked  changes  in  the  coal  export  trade  of  the  nations  involved. 
Of  the  countries  fortunate  in  possessing  large  coal  resources, 
only  a  few  exported  coal  to  any  considerable  extent,  but  others 
were  gradually  coming  into  the  market,  while  others  again  were 
dropping  out.  At  the  same  time  markets  firmly  held  by  one 
coal  exporting  country,  were  becoming  disputed  by  others,  as  a 
result  of  general,  industrial,  political,  and  physical  changes. 

In  a  paper  on"  International  Coal  Competition,"  which  I 
had  the  privilege  of  submitting  to  the  Annual  Meeting  of  this 
Institute  in  1912,  I  showed  that,  in  1910,  of  the  coal-producing 
countries  of  the  world,  only  eight  showed  a  balance  of  exports 
above  imports. 

Table  A. 

Millions  of  Tons, 

United  Kingdom 84^ 

Germany 20| 

United  States 13 

Japan 4f 

Australia 2| 

South  Africa 1| 

India ^ 

New  Zealand  (inconsiderable)  

126i 


Although  Canada  is  not  included  in  the  above  table,  its 
omission  is  due  to  a  peculiar  circumstance,  which  was  alluded 
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to  recently  in  the  Preliminary  Report  of  a  Special  Committee 
of  this  Institute  appointed  to  investigate  conditions  in  respect 
of  the  Mineral  and  Metal  Industries  of  the  Dominion. 

The  Report  states : — 

"In  1913  the  coal  production  of  Canada  was  15,012,178 
tons,  and  the  imports  18,201,953  tons;  of  the  imports  over  13| 
million  tons  of  bituminous  coal  was  imported  from  the  United 
States.  In  brief,  although  Canada  possesses  vast  coal  resources, 
the  country  now  imports  more  coal  than  it  produces.  This  is  due 
in  part  to  the  fact  that  the  coalfields  of  the  Dominion  are  situated 
in  the  extreme  eastern  and  western  provinces.  Conditions  of 
transportation  cost  practically  preclude  the  marketing  of  Nova 
Scotia  coal  at  points  farther  west  than  (say)  Brockville,  Ontario, 
and  similarly,  coal  mined  in  the  Western  Provinces  is  not  market- 
able farther  east  than  Winnipeg.  The  territory  between  these 
points,  including  the  whole  of  Ontario  and  Manitoba  is  dependent 
therefore,  on  the  United  States  for  coal." 

As  a  matter  of  fact,  in  1913,  Canada  actually  did  export 
about  1^  million  tons  of  coal,  80%  of  which  went  to  the  United 
States,  and  14%  to  Newfoundland. 

Since  the  war  began,  the  coal  production  of  Great  Britain 
has  been  considerably  reduced,  chiefly  owing  to  the  large  number 
of  miners  serving  with  the  colours.  In  addition  to  this  her 
increased  requirements  for  naval  purposes  and  the  manufacture 
of  munitions,  and  the  fact  that  it  has  been  necessary  to  supply 
large  quantities  of  coal  to  her  allies,  has  necessitated  a  strict 
limitation  of  exports,  which  have  been  reduced  by  about  one- 
half.  At  the  same  time  Germany's  export  of  coal  has  been 
entirely  limited  to  neutral  countries  in  her  immediate  vicinity. 

The  partial  withdrawal  for  a  period  of  years  from  com- 
petition, especially  in  the  more  distant  coal  markets,  of  two 
countries  which,  in  1910,  accounted  for  about  five-sixths  of  the 
entire  coal  export  trade  of  the  world,  has  afforded  an  extra- 
ordinary opportunity  for  modification  and  re-arrangement  of 
international  relations  in  regard  to  the  distribution  of  coal. 
For  example,  before  the  war,  South  America  was  supplied  with 
coal  chiefly  by  the  United  Kingdom  and  Australia.  This  was 
a  growing  market  and  was  being  assiduously  cultivated.    When 
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the  export  of  British  coal  to  that  district  was  reduced  nearly 
to  a  vanishing  point,  the  carefully  nursed  market  became  the 
easy  prey  of  the  United  States. 

Opportunity  of  itself  alone  is  not  sufficient,  however,  to 
produce  permanent  changes,  and  it  will  be  interesting  to  learn,  as 
time  goes  on,  which  of  the  coal  markets  that  have  been  won 
as  a  result  of  the  exigencies  of  the  war,  will  be  retained  when 
trade  conditions  become  normal.  Science  has  taught  us  that 
great  changes  are  the  result  of  natural  forces  acting  gradually 
through  long  periods  of  time,  rather  than  of  cataclysmic  action. 
The  whole  question  of  international  coal  competition  is  one  of 
industrial  and  commercial  equilibrium,  and  if  any  great  national 
disturbance,  such  as  the  present  war,  produces  a  change  of 
equilibrium  which  is  not  altogether  stable,  the  irresistible 
tendency  will  be  to  revert  to  the  status  quo  ante. 

In  the  case  of  Canada,  the  total  coal  exports,  which  in  1913 
amounted  to  1,562,020  tons,  fell  in  the  following  year  to  1,423,126 
tons,  but  the  detailed  changes  are  peculiarly  interesting.  In  the 
advance  chapter  on  "The  Production  of  Coal  and  Coke  in 
Canada  during  the  Calendar  Year  1914,"  which  will  form  a  part 
of  the  Annual  Report  on  the  Mineral  Production  of  Canada, 
1914,  it  is  stated: — 

"These  figures  show  a  decrease  of  12.9  per  cent  in  exports 
to  the  United  States,  which,  however,  with  an  importation 
from  Canada  of  1,088,983  tons,  took  76.5  per  cent  of  Canada's 
exports.  Exports  to  Newfoundland  showed  a  decrease  of  20.58 
per  cent.  Those  to  Great  Britain  showed  an  increase  of  111.4 
per  cent,  the  total  for  the  year  reaching  25,576  tons.  Under 
exports  to  other  countries  of  133,646  tons  is  included  40,978  tons 
to  Australia,  as  compared  with  13,889  tons  in  1913."  Unfor- 
tunately the  figures  for  1915  are  not  available,  so  that  it  is  not  yet 
possible  to  trace  the  progress  of  these  tendencies  under  the 
present  abnormal  conditions. 

With  such  coalfields  as  those  of  Nova  Scotia  and  Alberta, 
situated  respectively  in  contiguity  with  the  coasts  of  the  Atlantic 
and  the  Pacific  Oceans,  Canada  would,  at  first  sight,  appear  to 
be  exceptionally  well  situated  to  carry  on  a  considerable  coal 
export  trade.  Whether  this  is  true,  when  all  the  circumstances 
are  taken  into  account,  is  a  question  for  careful  consideration. 
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It  is  significant  that  as  recently  as  1885  only  five  countries 
exported  over  1  million  tons  of  coal  per  annum,  and  that  to  the 
total  the  United  Kingdom  contributed  about  three-fifths,  Ger- 
many  one-fifth,  Belgium  one  tenth,  France  one-thirtieth,  and  the 
United  States  only  one-fortieth.  Although  by  1912  the  coal  pro- 
duction of  the  world  had  been  trebled,  and  the  total  exports 
had  increased  at  about  the  same  rate,  yet  the  United  Kingdom 
and  Germany  still  led  as  the  greatest  exporters,  the  former  con- 
tributing about  one-half,  and  the  latter  one-quarter,  while  the 
U.S.A.  had  advanced  to  one-eighth.  At  the  same  time  Belgium 
and  France  had  made  little  progress,  but  Japan  and  Australia 
had  entered  into  the  competition.  These  figures  are  shown  in 
the  following  table. 


Table  B. 


1885 

1912 

(Millions  of  Tons) 

Products 

Exports 

Products 

Exports 

Great  Britain 

159i 

30f 
U 
9f 
If 

5i 

3 
4 

inconsider- 
able. 

inconsider- 
able. 

1 

2 
1 
2 

260i 

477 

172 

391 

ll\ 

15^ 

26  (1911) 

13 

86 

U.S.A 

Germany 

France 

99 

581 
19 

17i 
8§ 
4^ 

3 
If 

19^ 

42  i 

2i 

Belgium 

7 

Austria-Hungary..  .. 
Russia 

inconsider- 

Australia  

Canada 

able. 
4 

2 

Taoan 

6 

Total 

3721 

50i 

1055 

171 

Table  C.  gives  a  comparison  of  the  Production,  Import, 
Export,  and  Consumption  of  Coal  per  head  of  the  population  in 
different  countries,  in  1886-1890  (average  of  5  years)  and  in 
1912.  From  this  table  it  will  be  seen  that  the  great  coal  exporting 
countries  are  generally  the  great  manufacturing  countries.  On 
this  basis,  however,  it  is  difificult  to  understand  why  the  per 
capita  consumption  of  coal  of  Germany  is  not  larger.  The 
explanation  may  be  found,  perhaps,  in  the  large  consumption 
of   home-produced   lignite,   amounting,   in    1912,   to   nearly   80 
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million  tons,  or  about  Ij  tons  per  head  of  the  population.  The 
production  and  consumption  of  lignite  in  Austria,  in  1912,  was 
nearly  26  million  tons;  in  Hungary,  in  1911,  about  8  million 
tons;  and  in  Spain,  in  1911,  about  j  million  tons.  In  the  cases  of 
the  United  States  and  Russia,  the  returns  include  lignite. 

The  periods  1886-1890  (average  of  5  years)  and  1912  were 
selected  as  being  the  earliest  and  latest  for  which  the  records 
are  comparatively  complete. 

Great  Britain  is,  and  always  has  been,  by  far  the  largest 
coal  exporter.  She  produces  about  one  ton  per  head  more,  and 
consumes  about  f  ton  per  head  less  than  the  United  States.  The 
imports  in  both  cases  are  relatively  negligible.  During  the 
period  from  1886-90  to  1912,  the  production  of  the  United  States 
per  head  increased  by  150  per  cent,  while  the  consumption 
increased  nearly  at  the  same  rate,  the  difference  being  accounted 
for  by  an  increase  of  the  rate  of  export  by  nearly  600  per  cent. 
It  must  be  noted,  however,  that  the  export  at  the  latter  date 
amounted  to  only  one-fifth  of  a  ton  per  head,  so  that  the  in- 
creased production  was  practically  absorbed  by  increased  con- 
sumption. On  the  other  hand,  during  the  same  period,  the  rate 
per  head  of  production  of  the  United  Kingdom  increased  by  130 
per  cent,  while  the  consumption  increased  by  only  11|  per  cent. 
At  the  same  time  the  rate  per  head  of  export  increased  by  104 
per  cent,  so  that  the  increase  has  been  absorbed  chiefly  by 
increased  export. 

As  the  history  of  the  British  coal  export  trade,  so  vividly 
outlined  by  Stanley  Jevons  in  "The  Coal  Question,"  throws  a 
powerful  light  upon  the  subject  of  coal  export  generally,  a  short 
summary  of  its  salient  points  will  be  useful.  It  is  usually  ad- 
mitted that  living  beings  of  the  same  nature  and  in  the  same 
circumstances  tend  to  multiply  in  the  same  geometrical  ratio, 
so  that  if  the  population  of  a  country  increases  at  a  diminishing 
rate,  does  not  increase,  or  actually  decreases,  it  follows  that 
conditions  adverse  to  its  natural  progress  have  set  in.  A  necessary 
condition  of  the  continuance  of  a  normal  rate  of  increase  in  the 
population  of  a  country  is  a  corresponding  increase  in  the  supply 
of  food,  and  if  the  country  is  dependent  upon  itself  for  that 
supply,  a  limit  must  at  last  be  reached  dependent  upon  the  area 
of  the  country  suitable  for  cultivation. 


440  Coal   Trade   of   the   Empire — Greenwell 

According  to  the  best  statistics  available,  the  population  of 
England  and  Wales  in  1570  was  a  little  over  4  millions.  During 
the  next  60  years  the  population  increased  at  the  rate  of  5  per  cent 
for  each  period  of  10  years.  During  the  next  40  years  the  rate 
of  increase  fell  to  1  per  cent.  During  the  next  41  years,  the  rate 
was  2  per  cent.  During  the  next  10  years  there  was  no  increase; 
and  during  the  next  10  years,  there  was  actually  a  rate  of  decrease 
of  1  per  cent.  After  that  time  the  population  steadily  increased 
at  an  increasing  rate  of  increase,  which  reached  a  maximum 
figure  of  18  per  cent,  for  the  10  years  1812-1821,  after  which  it 
has  steadily  decreased  to  11  per  cent,  for  the  10  years,  1902-1911. 
The  middle  of  the  eighteenth  century  constitutes  a  period  of 
radical  change  in  the  history  of  British  industry.  Before  that 
period  the  country  abounded  in  corn,  wool,  meat,  timber,  and 
raw  materials,  which  it  exported.  Since  that  period  Britain  has 
imported  the  very  merchandise  which  she  formerly  exported, 
and  has  exported  in  their  place  articles  manufactured  from  the 
raw  material  imported,  and  coal.  In  this  connection,  manu- 
factured articles  must  be  considered  as  containing,  potentially, 
the  quantity  of  coal  directly  and  indirectly  used  in  the  numerous 
processes  of  their  manufacture. 

About  the  middle  of  the  eighteenth  century,  under  the 
conditions  then  prevailing,  Britain  had  arrived  at  the  maximum 
limit  of  population  that  could  be  supported  by  agriculture. 
From  that  epoch  onwards,  can  be  traced  the  gradual  recognition 
that  coal  and  not  the  products  of  agriculture  was  the  staple 
industry  of  the  Kingdom.    In  Jevon's  words: — 

"For  the  present  (1865)  our  cheap  supply  of  coal,  and  our 
skill  in  its  employment,  and  the  freedom  of  our  commerce  with 
other  wider  lands,  renders  us  independent  of  the  limited  agricul- 
tural area  of  these  islands,  and  apparently  takes  us  out  of  the 
scope  of  Malthus'  doctrine.  We  are  growing  rich  and  numerous 
upon  a  source  of  wealth  of  which  the  fertility  does  not  yet 
apparently  decrease  with  our  demands  upon  it.  Hence  the  uni- 
form and  extraordinary  rate  of  growth  which  this  country 
presents.  We  are  like  settlers  spreading  in  a  rich  new  country  of 
which  the  boundaries  are  as  yet  unknown  and  unfelt." 

In  1913  the  aggregate  value  of  the  merchandise  imported 
by  the  United  Kingdom  was  nearly  769  million  pounds  sterling, 
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of  which  food  and  raw  materials  accounted  for  about  600  million 
pounds.  On  the  other  hand,  the  exports  amounted  to  about  635 
million  pounds  sterling,  of  which  coal  alone  was  valued  at  about 
146  million  pounds,  exclusive  of  freight. 

It  is  easy  to  see  why  Britain's  rate  of  export  and  consumption 
of  coal  per  head  is  so  high.  The  exports  of  coal  are  employed 
in  the  purchase  of  food  and  raw  material  for  manufacture; 
while  the  consumption  of  coal  includes  the  equivalent  of  coal 
contained  in  the  manufactured  raw  material  which  is  exported  in 
exchange  for  food  and  more  raw  material. 

Turning  to  the  United  States,  it  is  found  that  in  1913  her 
exports  of  merchandise  exceeded  her  imports  by  653  million 
dollars ;  and  that  the  export  of  coal  was  comparatively  inconsider- 
able. In  this  case  the  high  rate  of  consumption  of  coal  per  head 
of  the  population  was  principally  accounted  for  by  coal  used  in 
manufacture  employed  directly  or  indirectly  in  the  internal 
development  of  the  country. 

In  the  case  of  Canada,  although  possessing  enormous 
coal  reserves  of  her  own,  she  imported  from  the  United  States, 
in  1914,  54%  of  her  total  consumption.  The  reason  for  this 
has  already  been  given.  The  consumption  of  coal  per  head  was 
3.325  tons,  a  rate  of  consumption  exceeded  only  by  the  United 
States,  the  United  Kingdom,  and  Belgium.  The  total  annual 
value  of  Canada's  production,  derived  from  Agriculture,  Live 
Stock,  Fisheries  and  Forestry,  so  greatly  exceeds  her  own  require- 
ments that  in  1914-15  she  was  able  to  export  the  following 
values  of  merchandise: 

Table    D. 

Agricultural  produce $134,746,050 

Animals  and  produce 74,390,743 

Fisheries  and  produce 19,687,068 

Forest  produce 42,650,683 

Canada  is  therefore  not  only  able  to  supply  a  rapidly  in- 
creasing population  with  home  produced  food,  but  has  at  the 
same  time  an  enormous  surplus  for  trading  purposes.  This 
surplus  is  readily  taken  by  countries,  less  happily  situated  in 
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regard  to  food  stuffs,  and  manufactures  are  returned  in  ex- 
change. Thus  Canada  can  trade  with  material  which  is  annually 
being  renewed,  while  Britain  is  compelled  to  export  a  national 
asset  which  cannot  be  replaced. 

It  would  therefore  seem  that  a  country  situated  like  Canada, 
should  not  dream  of  encroaching  upon  her  valuable  coal  reserves 
for  the  purpose  of  developing  an  export  trade  in  that  substance, 
so  long  as  there  is  an  eager  market  for  her  reproductive  produce, 
and  so  long  as  she  is  able  to  contribute  to  that  market  out  of  her 
surplus  production.  The  time  will  no  doubt  arrive  when  Canada 
will,  like  Britain,  be  only  too  thankful  to  be  able  to  fall  back 
upon  her  coal  resources  for  the  purposes  of  international  ex- 
change, and  will  then  grudge  every  ton  of  coal  which  has  been 
disposed  of  prematurely.  The  question  of  coal  production  for 
home  consumption,  especially  in  connection  with  internal 
development,  is  another  matter  altogether. 

The  position  of  Canada  in  the  following  table,  giving  the 
world's  production  of  wheat  (in  millions  of  quarters  of  480  lb.) 
for  the  Season,  1915,  will  add  emphasis  to  the  foregoing  remarks. 

Table    E. 

United  States 126 

Russia 113 

India 48 

Canada 48 

France 32 

Italy 21 

Hungary 20 

Argentine 24 

Germany (say)  17 

Spain 17 

Rumania 11 

United  Kingdom 9 

Austria. (say)  8 

Australasia 4 

Other  small  producers 50 

548 
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It  is  submitted  that  the  same  course  of  reasoning  is  ap- 
plicable, mutatis  mutandis,  to  the  rest  of  the  British  Dominions, 
as  well  as  to  all  other  countries.  It  is  a  sound  economic  law  that 
a  country  should  export  that  which  it  can  most  easily  produce 
and  replace,  and  that  coal,  which  is  accumulated  energy,  and 
which  cannot  be  replaced,  should  only  be  exported  as  a  make- 
weight, and  as  a  last  necessity  to  make  up  the  balance  of  trade. 

The  abnormal  conditions  produced  by  the  present  war  have 
tended  to  disturb  the  tenour  of  trade  exchange,  but  it  is  believed 
that  the  effect  of  these  tendencies  will  be  only  temporary,  and 
that  a  reversion  will  ultimately  be  made  to  the  principles  upon 
which  international  trade  relationship  has  steadily  developed. 


Discussion 


Mr.  W.  J.  Dick — At  the  annual  meeting  of  the  Canadian 
Mining  Institute  In  1916  the  writer  presented  a  brief  paper  on  the 
"Coal  Situation  in  Canada"  which,  in  part,  may  be  summarized 
and  supplemented  as  follows : — 

The  coal  deposits  of  Canada  compare  favourably  with  those 
of  the  greatest  coal  mining  countries  of  the  world  in  respect  of 
quality,  quantity  and  accessibility  for  mining  purposes,  but, 
owing  to  their  location  in  the  eastern  and  western  portions  of  the 
Dominion  the  large  central  market  is  supplied  by  imported  coal. 

United  States  bituminous  coal  is  used  in  the  area  between  a 
north  and  south  line  through  Farnham,  Que.,  and  a  line  drawn 
from  Battleford  to  Moose  Jaw  and  thence  to  Estevan,  Sask. 
Although  a  considerable  quantity  is  used  in  Manitoba  and  Sas- 
katchewan, these  provinces  are  also  supplied  by  coal  from  the 
Crowsnest,  Canmore,  Edmonton,  Lethbridge  and  Souris  districts. 

Eastern  Canada  possesses  no  deposits  of  anthracite  coal, 
and  as  this  class  of  coal  is  admirably  suitable  for  domestic  heating 
and  cooking  purposes,  it  is  imported  in  considerable  quantity 
from  the  United  States  and  is  sold  over  an  area  extending  from 
Nova  Scotia  in  the  east,  to  Battleford,  Sask.,  in  the  west.     The 
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imports  in  1913  amounted  to  over  4,640,000  tons,  being  more 
than  double  the  imports  of  1906.  From  this  it  can  be  seen  that 
the  demand  for  this  class  of  coal  is  increasing,  notwithstanding 
the  increasing  prices;  again,  the  supply  of  anthracite  coal  in  the 
United  States  is  limited  and  there  is  no  assurance  that  its  export 
to  Canada  will  be  long  continued.  In  1913,  it  was  estimated 
that  there  were  16,153,000,000  tons  of  anthracite  coal  in  the 
United  States.  In  1913,  91,524,922  tons  were  mined  and,  as  it 
has  been  estimated  that  for  every  ton  of  coal  lost  a  ton  and  a 
half  is  sold  or  used\  the  exhaustion  is  proceeding  at  the  rate  of 
152,541,536  tons  per  annum.  If  the  production  continued  at  the 
same  rate  it  would  exhaust  the  anthracite  of  the  United  States  in 
little  over  100  years.  We  must,  therefore,  expect  that  the  price 
will  gradually  increase  until  only  the  wealthy  few  can  afford  it. 
Coincidently  with  the  rising  price,  production  will  decrease, 
thus  prolonging  the  life  of  the  mines. 

Of  the  total  consumption  during  1913,  42.6  per  cent  was 
domestic  coal  and  57.4  per  cent  imported  coal,  or  in  other  words 
we  imported  more  coal  than  we  produced.  The  importance  of 
this  fact  may  be  recognized  more  fully  when  it  is  realized  that 
the  value  of  the  coal  production  in  1913,  greatly  exceeded  that 
of  any  other  mineral  and  amounted  to  over  25  per  cent  of  the 
total  mineral  production  of  Canada  for  that  year,  being  valued 
at  about  $37,335,000.  The  situation  then  is  this:  although 
Canada  has  over  17  per  cent  of  the  world's  reserve  of  coal,  our 
production  is  small  and  we  import  more  than  we  produce. 

It  is  desirable  both  from  the  mining  and  national  stand- 
point that  these  conditions  be  changed.  Has  anyone  stopped 
to  think  what  would  happen  if  United  States  for  one  reason  or 
another  was  unable  or  should  prevent  the  exportation  of  hard 
and  soft  coal  to  Canada?  We  had,  last  winter,  a  very  slight 
indication  what  it  would  mean  and  some  of  our  educational 
institutions  were  forced  to  close  their  doors  because  of  the  short- 
age of  coal  due  to  a  temporary  freight  blockade.  This  question 
may  be  resolved  into  these  problems : 

(1)  Domestic  fuel  problem  in  central  Canada. 


^Mineral  Resources  of  the  United  States— Part  II,  1913,  p.  728. 
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(2)  Imported  bituminous  coal  fuel  on  railways  in  Central 
and  portions  of  western  (^mada. 

(3)  Domestic  fuel  problem  in  Prairie  Provinces. 

(4)  Cheap  power  j^rohleni  in  I*rairie  Provinces. 

(1)  The  following  solutions  of  the  domestic  fuel  problem  in 
central  Canada  are  suggested:  (a)  By  the  installation  of  by- 
product coke  ovens  at  certain  points  on  the  St.  Lawrence  and 
Great  Lakes  system,  the  coke  being  used  for  domestic  purposes 
in  place  of  anthracite  coal,  (b)  By  the  development  of  a  peat 
industry  in  certain  well  chosen  localities,  (c)  Eventually,  no 
doubt,  electric  energy  will,  to  a  certain  extent,  replace  coal  for 
heating  purposes  in  this  area. 

(2)  A  suggested  economic  solution  of  the  railway  fuel  prob- 
lem in  central  Canada  is  the  electrification  of  our  railways 
which,  for  economic  reasons,  could  be  undertaken  step  by  step. 
In  so  far  as  the  railway  fuel  problem  in  certain  portions  of  the 
Prairie  Provinces  and  Western  Canada  are  concered,  this  may 
be  solved  by  coal  dust  firing;  (using  western  lignites  or  sub- 
bituminous  coal)  use  of  a  suitable  briquetted  fuel  made  from 
lignites  or  bituminous  coal,  and  the  further  use  of  our  own  bitum- 
inous coal. 

(3)  and  (4)  Two  problems  of  great  importance  exist  in  the 
Prairie  Provinces  today,  and  their  solution  will  become  a  matter 
of  even  greater  moment  in  the  future.  These  are:  the  problem 
of  cheap  power  and  the  problem  of  a  domestic  fuel  supply.  In 
western  Manitoba,  in  Saskatchewan,  and  in  eastern  Alberta  water- 
power  development  costs,  are,  in  most  instances,  high,  but  these 
districts  are  within  reach  of  great  deposits  of  lignite.  It  is,  there- 
fore, of  great  importance,  that  something  be  done  with  a  view 
to  utilizing  the  low-grade  fuels  which  underlie  the  greater 
portion  of  Alberta  and  part  of  Saskatchewan  and  Manitoba. 
In  order  to  make  the  coal  transportable  and  suitable  for  domestic 
and  power  purposes  it  w'ould  be  necessary : 

I.  That  it  be  of  sufficient  value  to  be  able  to  bear  the  cost 
of  transportation. 
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2.  That  it  withstand  handling  and  a  certain  amount  of 
weathering. 

3.  That  it  be  a  suitable  fuel  for  domestic  and  power  purposes. 

Coal  briquettes  and  carbonized  lignite  briquettes  fulfill  these 
conditions. 

The  Mines  Branch,  in  co-operation  with  the  Advisory  Council 
for  Industrial  and  Scientific  Research,  is  working  earnestly  on  the 
first  of  these  problems  and  indications  point  towards  an  economic 
solution. 


BITUMINOUS  SANDS  OF  NORTHKRN  ALBERTA. 
Bv  S.  C.  Ells. 

Annual  Mfctiiig,  Montreal,  1917 

The  three  outstancUng  features  presented  by  a  consideration 
of  the  deposits  of  bituminous  sands  of  northern  Alberta  are: 

1.  That  the  deposits  represent  the  hirgest  known  body  of 
solid  asphaltic  material; 

2.  That  these  deposits  are,  as  yet,  totally  undeveloped; 

3.  That  at  the  present  time  practically  all  asphaltic  materials 
used  in  Canada  are  imported  from  foreign  countries. 

There  is  a  reasonable  probability  that,  sooner  or  later, 
conditions  will  permit  of  a  considerable  commercial  development 
of  our  Albertan  deposits.  Assuming  this  to  be  so,  it  is  of  import- 
ance to  determine  how  best  this  development  can  be  undertaken 
and  an  industry  established  on  a  sound  economic  basis. 

Up  to  the  present  time,  practically  all  information  regarding 
the  Albertan  deposits,  as  well  as  the  work  that  has  been  done 
in  investigating  the  economic  value  of  the  bituminous  sand 
itself,  may  be  attributed  to  the  Canadian  Department  of  Mines, 
and,  under  existing  conditions,  it  was  but  reasonable  that  a 
department  of  the  Government  should  undertake  this    initial 


Editor's  Note. — Geographically,  the  Alberta  deposits  of  bituminous 
sand  lie  approximately  300  miles  to  the  north  of  the  city  of  Edmonton  which  is, 
at  present,  the  nearest  centre  of  population.  The  transport  of  the  material 
by  water  is  impracticable,  but  rail  facilities  will  presently  be  available,  upon 
the  completion  in  the  early  future  of  a  line  known  as  the  Alberta  and  Great 
Waterways  Railway.  Topographical  maps  of  the  area,  prepared  by  Mr.  Ells 
indicate  that  the  northern  terminus  of  this  road  will  be  within  reasonable 
distance  of  certain  of  the  more  important  outcrops.  The  actual  extent  of  the 
deposits  is  very  large,  and  outcrops  of  the  main  body  of  bituminous  sand  extend 
along  the  various  waterways  throughout  an  aggregate  distance  of  upwards  of 
180  miles.  The  preliminary  report  on  the  Bituminous  Sands  of  Northern 
Alberta  by  Mr.  Ells  and  also  his  various  contributions  to  the  Summary  Reports 
of  the  Mines  Branch  for  1914-19LS  and  1916  contain  a  great  deal  of  detailed 
information  ;  egarding  the  various  factors  which  will  govern  commercial  de- 
velopment of  the  deposits.  During  the  past  year  at  the  Mellon  Institute  of 
Industrial  Research  at  Pittsburg,  Pa.,  Mr.  Ells  devoted  much  time  to  a 
study  of  methods  applicable  to  the  commercial  separation  of  refined  bitumen 
from  the  crude  bituminous  sand.  He  has  also  conducted  experimental  research 
looking  to  the  commercial  distillation  of  petroleum  from  the  crude  bituminous 
sand.    The  results  of  this  important  investigation  have  not  yet  been  published. 

(447) 
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work.  Practically  the  entire  area  is  held  under  government 
reserve  and  consequently  there  has  been  little  inducement  for 
private  individuals  or  companies  to  interest  themselves  in  what 
has  proved  to  be  a  somewhat  extensive  investigation. 

Apart  from  the  Canadian  occurrence,  bituminous  sands 
have  also  a  fairly  wide  distribution  throughout  the  United 
States.  A  very  brief  reference  to  these  latter  occurrences,  and 
to  the  history  of  their  attempted  development,  will  obviously  be 
of  value  in  considering  the  possible  future  development  of  the 
Albertan  deposits. 

The  principal  occurrences  of  bituminous  sand  in  the  United 
States  are  found  in  Kentucky,  Oklahoma,  California,  and  Utah. 
Extensive  deposits  of  bituminous  limestone  occur  in  Texas  and 
in  Oklahoma.  Most  of  these  deposits  are,  however,  relatively 
small  compared  with  those  of  the  Province  of  Alberta.  Although 
the  material  from  the  various  deposits  in  Canada  and  the  United 
States  is  of  the  same  general  character,  yet  there  are  many 
varieties,  each  of  which  requires  different  manipulation. 

In  the  United  States,  development  of  deposits  of  bituminous 
sand  may  be  considered  under  two  heads: 

1.  Separation  or  extraction  of  the  bitumen  from  the  crude 
material  in  order  to  secure  a  more  or  less  pure  product;  and 

2.  Use  of  the  bituminous  sand  as  a  paving  material. 

An  indication  of  the  success  that  has  marked  this  attempted 
development  in  the  United  States  is  seen  in  the  production  that 
has  been  attained  at  the  end  of  twenty-five  years.  In  spite  of 
the  admittedly  very  large  tonnage  of  bituminous  sand  available, 
the  quantity^  mined  during  1913  was  but  57,549  tons,  valued 
at  S173,764.  During  the  same  period,  the  production  and  importa- 
tion of  other  asphalts  into  the  United  States,  amounted  to 
648,459  tons,  valued  at  S5, 483, 737.  The  value  of  the  bituminous 
rock  was  thus  slightly  over  3%  of  all  asphalts  produced  in  or 
imported  into  the  United  States  during  that  year. 

Regarding  the  history  of  separation  or  extraction,  practically 
no  written  records  are  available.  Whenever  separation  has  been 
attempted,  either  hot  water  at  200°  F.  to  212°  F.,  or  some  solvent, 
usually  a  petroleum  distillate,  has  been  adopted  as  the  active 


^Mineral  Industry,  1914. 
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principle.  From  upwards  of  a  dozen  attempts  at  separation 
with  which  the  writer  is  more  or  less  familiar,  the  principal 
remaining  evidence  consists  in  a  considerable  number  of  dis- 
appointed investors  and  in  the  ruins  of  abandoned  plants. 
Probably  the  two  most  ambitious  attempts  at  commercial  separa- 
tion resulted  in  the  construction  of  plants  at  Carpinteria  and 
at  Sisquoc  in  the  State  of  California.  The  former  is  said  to  have 
represented  an  expenditure  of  approximately  8300,000  and  was 
abandoned  prior  to  1899.  The  latter,  which  was  abandoned 
about  1901,  is  said  to  have  represented  a  total  financial  outlay 
of  approximately  81,000,000.  Such  results  at  the  outset,  ad- 
versely affected  the  exploitation  of  the  new  material. 

The  early  history  of  the  use  of  bituminous  sand  as  a  paving 
material,  was  also  marked  by  many  failures,  but  it  is  now  recog- 
nized that  in  the  majority  of  instances  this  was  due  chiefly  to 
lack  of  appreciation  of  the  true  character  of  the  material  used. 
With  correct  understanding  of  the  true  character  of  the  bituminous 
sand,  and  by  intelligent  manipulation,  excellent  pavements  are 
now  being  constructed  with  this  material  in  California  and  Okla- 
homa, and  to  a  lesser  extent  in  Utah  and  Kentucky. 

Thus,  at  the  outset,  in  considering  the  economic  possi- 
bilities of  our  own  Canadian  deposits,  the  outstanding  features 
referred  to  above  regarding  the  commercial  history  of  bituminous 
sands  in  the  United  States  were  not  encouraging.  Moreover, 
in  the  United  States  many  of  the  deposits  were  very  favourably 
situated  with  regard  to  rail  or  water  transportation,  and  were 
also,  in  many  instances,  adjacent  to  markets  of  importance.  In 
Alberta,  on  the  other  hand,  the  most  southerly  of  the  workable 
deposits  is  approximately  300  miles  by  rail  from  the  nearest 
centre  of  population.  Consequently  in  planning  an  investigation 
of  the  Alberta  deposits,  a  knowledge  of  the  history  of  the  develop- 
ment of  somewhat  similar  deposits  in  the  United  States  was  of 
very  real  value,  and  an  attempt  was  made  to  profit  by  the  costly 
experience  of  others. 

There  are  three  lines  along  which  Alberta  bituminous  sand 
may  possibly  be  developed  commercially.     These  are: 

1.  Use  of  the  bituminous  sand  in  a  more  or  less  crude  form 
as  a  wearing  surface, for  streets  and  highways. 
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2.  Various  commercial  applications  of  the  bitumen  when 
separated  from  the  associated  sand  aggregate. 

3.  Destructive  distillation  of  the  crude  bituminous  sand 
with  recovery  of  crude  petroleum. 

In  the  following  outline  of  the  present  investigation  each 
of  these  possibilities  will  be  referred  to  briefly. 

In  1913  a  small  field  party  was  organized  and  during  July 
and  August  a  general  reconnaissance  of  the  McMurray  area 
was  made.  This  work  included  the  measurement  of  a  large 
number  of  outcrops  and  the  collecting  of  numerous  representative 
samples.  Subsequently  the  writer  made  a  careful  laboratory 
study  of  these  samples. 

Results  of  the  field  and  laboratory  work  of  1913  were  sufifi- 
ciently  encouraging  to  warrant  a  more  detailed  study  of  the  de- 
posits. The  question  of  the  adaptability  of  the  Alberta  bitu- 
minous sand  as  a  satisfactory  paving  material  also  required  an 
answer.  Certain  well-informed  engineers  regarded  the  material 
as  unsuited  for  the  construction  of  asphaltic  surfaces,  partly 
on  account  of  the  high  penetration  (250 -f  Dow  Standard)  of  the 
bitumen  itself,  and  partly  on  account  of  the  unbalanced  grading 
of  the  associated  sand  aggregate.  Moreover,  the  results  of 
small  scale  laboratory  investigation  were  inconclusive.  The 
writer,  therefore,  suggested  that  as  a  practical  test  an  experi- 
mental pavement  should  be  constructed. 

Considering  the  importance  that  would  undoubtedly  attach 
to  the  results  of  the  proposed  paving,  great  care  was  required 
in  selecting  the  outcrop  or  outcrops  from  which  a  first  shipment 
should  be  taken.  It  was  already  evident  that  wide  variation 
existed  in  the  grading  of  sand  aggregate  of  various  exposures, 
while  the  character  of  the  bitumen  itself  also  varied.  Conse- 
quently upwards  of  sixty  core  samples  were  secured  at  various 
points  over  a  large  area  and  analyses  for  grading  of  sand  and 
for  percentage  of  bitumen  were  made  in  a  field  laboratory  brought 
for  that  purpose.  This  boring  involved  a  large  amount  of  arduous 
work,  not  only  in  the  actual  boring  operations,  but  in  trans- 
porting up  and  down  swift  and  shallow  streams,  drills  and  forge 
and  the  usual  equipment  of  a  fairly  large  field  party. 

Eventually  it  was  found  impossible  to  secure  a  satisfactory 
material   from   any  single   outcrop.     It  was,   however,   evident 
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that  by  combining  the  bituminous  sand  from  two  separate 
outcrops,  in  proper  proportion,  a  satisfactory  product  could  be 
obtained.  Two  outcrops,  therefore,  were  selected  and  a  shipment 
mined  and  sacked. 

The  transportation  of  the  material  from  points  40  miles 
beyond  McMurray  to  Athabaska — upwards  of  280  miles — 
involved  considerable  difficulty.  Water  transportation  was  out 
of  the  question,  but  during  January  and  February,  1915,  twenty- 
three  teams  made  the  trip  down  to  McMurray  and  eventually 
delivered  the  shipment  of  bituminous  sand  at  Athabaska.  During 
the  summer  of  1915  this  material  was  used  by  the  writer  in  the 
surfacing  of  a  portion  of  Kinnaird  Street,  Edmonton.  Small 
areas  of  sheet  asphalt,  bitulithic  and  bituminous  concrete  were 
laid.  It  is  unnecessary  here  to  refer  to  the  procedure  and  manipu- 
lation adopted,  as  an  outline  h  as  already  appeared  in  a  publica- 
tion issued  by  the  Mines  Branch.  Recently  Mr.  A.  W.  Haddow, 
Acting  City  Engineer  of  the  City  of  Edmonton,  reported  to  the 
Department  that  the  above  pavement  was  in  perfect  condition. 

The  economic  importance  of  bituminous  sand  in  general 
when  used  in  the  construction  of  wearing  surfaces  may  be  very 
briefly  stated  as  follows: 

1.  Natural  bituminous  sand  or  rock  asphalt  is  a  mechanical 
mixture  of  sand  and  asphalt  or  asphaltic  petroleum,  and  it  has 
frequently  been  found  that  there  is  very  little  uniformity  in  such 
material.  There  are,  of  course,  notable  exceptions — as  for 
example  at  the  quarries  of  the  City  Street  Improvement  Com- 
pany, near  Santa  Cruz,  Cal.,  where  a  large  tonnage  of  crude 
bituminous  sand  is  of  an  unusually  uniform  character.  In  the 
case  of  the  Alberta  material,  detailed  exploration  by  means  of 
adequate  equipment  will  be  necessary  before  the  degree  of 
uniformity  of  any  considerable  tonnage  will  be  known. 

2.  In  the  preparation  of  artificial  mixtures,  a  more  or  less 
exact  product  may  be  had,  the  quality  and  percentages  of  sand 
and  of  asphalt  cement  being  readily  controlled.  Thus  a  suitable 
mixture,  once  established,  can  be  maintained  uniformly.  Assum- 
ing that  in  certain  instances  conditions  will  warrant  the  use  of 
bituminous  sand  as  a  paving  material,  the  necessary  manipulation 
will  present  no  serious  difficulty. 
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In  California,  torpedo  mixers^  for  the  treatment  of  bitumi- 
nous sand  have  been  perfected  and  are  being  successfully  oper- 
ated both  as  regards  costs  and  actual  mechanical  operation. 

3.  In  the  case  of  many  of  the  harder  silicious  rock  asphalts 
found  in  the  United  States,  serious  difficulty  has  been  met  with 
in  disintegrating  the  crude  material.  This  difificulty  would  not 
be  encountered  in  the  manipulation  of  the  comparatively  soft 
Alberta  bituminous  sand. 

4.  Generally  speaking,  labour  is  the  most  costly  element 
that  enters  into  the  construction  of  asphalt  wearing  surfaces. 
Sheet  asphalt,  bituminous  concrete  and  bituminous  macadam 
consist  largely  of  filler,  sand,  and  crushed  rock,  each  of  which 
may  usually  be  obtained  without  difficulty  and  at  low  cost.  Of 
the  materials  required  other  than  sand  and  rock,  the  most 
costly  is  asphaltic  cement,  but  as  the  percentage  used  is  relatively 
small,  its  proportional  cost  is  not  great.  In  certain  parts  of  the 
prairie  provinces,  however,  suitable  sand  and  crushed  rock  are 
difficult  to  obtain  at  a  reasonable  cost.  Doubtless  such  a  con- 
dition would  favourably  affect  the  demand  for  crude  bituminous 
sand. 

At  various  times  during  the  past  three  years,  the  writer 
has  discussed  the  commercial  application  of  bituminous  sand 
in  the  surfacing  of  streets  and  highways  with  municipal  engineers 
in  upwards  of  twenty  cities  and  towns  in  Kentucky,  Missouri, 
Oklahoma,  California  and  Utah.  Pavements  in  these  States, 
surfaced  with  various  classes  of  bituminous  sand,  have  also  been 
examined  carefully.  The  conclusions  arrived  at  have  been 
briefly  summarized  in  a  publication  already  issued  by  the  Mines 
Branch^. 

As  noted  above,  experimental  street  paving  in  which  Alberta 
bituminous  sand  was  used  for  the  first  time  on  a  commercial 
scale,  was  completed  by  the  writer  in  Edmonton,  Alberta,  in 
1915.  This  surfacing  was  laid  on  a  six-inch  concrete  base,  and 
after  tw^o  years'  servdce  under  fairly  heavy  traffic,  still  appears 


^Manufactured   by  Schneider  Engineering  Works,   San   Francisco,  Cal., 
Columbia  Machine  Works,  San  Francisco,  Cal. 

-Preliminary   Report  on  the   Bituminous  Sands  of  Northern  Alberta, 
appendix  II:  S.  C.  Ells. 
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to  be  in  a  satisfactory  condition.  It  is  clear,  however,  ihat  in 
the  extensive  construction  of  interurban  roads  and  highways 
in  the  western  Provinces,  the  cost  of  such  a  concrete  base  would 
be  prohibitive. 

The  present  problem  appears  therefore  to  be  no  longer  a 
study  of  the  actual  durability  of  the  bituminous  sand  itself  as 
a  wearing  surface.  Rather  does  it  appear  that  the  extent  to 
which  this  material  may  be  used  in  the  surfacing  of  rural  roads 
and  highways  will  depend  on  the  following: 

(a)  Haulage  charges  on  such  a  bulky  low-grade  material 
as  crude  bituminous  sand  will  restrict  its  use  within  comparatively 
narrow  limits.  These  limits  would  greatly  be  extended  as  a 
result  of  the  development  of  a  satisfactory  process  for  the  com- 
mercial separation  of  the  bitumen  from  the  crude  bituminous  sand. 

(b)  The  development,  if  possible,  of  a  comparatively  inex- 
pensive type  of  road  construction  in  which  the  customary 
expensive  concrete  base  may  be  eliminated.  This  appears  to 
be  essentially  a  problem  for  highway  engineers  who  are  thoroughly 
familiar  with  local  climatic  conditions  and  also  with  the  soils  of 
which  the  sub-grade  would  be  composed.  Obviously  under 
existing  conditions  of  soil  and  climate,  the  problem  could  be  under- 
taken with  better  chances  of  success  in  the  southern  portions 
of  the  province  of  Alberta  than  in  the  northern  portions. 

During  the  past  twenty  years  many  statements  have 
appeared  regarding  the  extent  of  the  McMurray  deposit.  Liberal 
estimates  of  area  and  of  average  thickness  were  usually  accepted 
and  the  calculated  tonnage  was,  of  course,  very  large.  In  arriv- 
ing at  these  conclusions,  however,  three  important  features  have 
usually  been  overlooked.  These  are  transportation,  variation  in 
quality  of  material,  and  overburden. 

As  regards  transportation  of  a  bulky  low-grade  material, 
it  is  obvious  that  a  large  part  of  the  area  underlaid  by  bituminous 
sand  will,  for  a  long  period,  remain  quite  inaccessible  to  develop- 
ment. Moreover,  in  many  parts  of  the  area,  it  has  been  found 
that  the  bituminous  sand  is  of  such  a  low  grade,  as  to  be  of  little 
or  no  value.  Lastly,  and  assuming  that  all  excavation  must 
take  the  form  of  open  cut  work,  the  overburden  becomes  a 
factor  of  dominant  importance.     Even  taking  these  three  features 
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into  consideration,  however,  there  still  remains  commercially 
available  a  large  tonnage  of  bituminous  sand.  In  order  to  arrive 
at  some  definite  conclusion  regarding  the  probable  tonnage 
actually  available,  and  also  in  order  to  indicate  those  outcrops 
which  were  best  adapted  to  commercial  development,  topo- 
graphical maps  of  a  large  area  drawn  on  a  scale  of  400' — 1" 
have  been  prepared  by  the  writer. 

In  any  attempt  to  ship  crude  bituminous  sand,  freight 
charges  would  seriously  handicap  a  large  commercial  develop- 
ment of  the  McMurray  deposit.  This  is,  of  course,  obvious  in 
considering  a  material  of  which  85%  to  88%  is  sand  and  but  12% 
to  15%  is  bitumen.  Consequently,  the  desirability  of  develop- 
ing a  successful  commercial  process  whereby  the  bitumen  might 
be  shipped  in  a  more  or  less  pure  form  becomes  apparent.  Re- 
cently, therefore,  an  effort  has  been  made  to  determine  whether 
a  successful  separation  process  might  not  be  developed. 

In  a  preliminary  investigation  carried  on  by  the  writer  at 
the  Mellon  Institute  of  Industrial  Research  at  Pittsburg,  Pa., 
some  interesting  results  have  been  obtained. 

At  the  outset  it  w^as  necessary  to  choose  between  separation 
by  means  of  solvents  or  by  means  of  heated  water.  After  two 
months  of  experimental  work  in  the  laboratory,  and  after  care- 
fully considering  available  data  relating  to  previous  separation 
work  in  various  parts  of  the  United  States,  it  appeared  that 
separation  by  means  of  hot  water  afforded  more  promising 
chances  of  success.  Moreover,  it  was  recognized  that,  within 
certain  limits,  the  higher  the  temperature  of  the  water,  the 
more  efficient  was  the  resulting  separation.  Eventually  experi- 
ments showed  that  the  most  efficient  temperature  for  such  treat- 
ment of  Alberta  bituminous  sand  lay  between  315°  and  330°  F. 

The  adoption  of  such  a  temperature  implied  the  use  of 
apparatus  designed  to  carry  a  pressure  of  85  to  105  pounds. 
Serious  difficulty  was  encountered  in  constructing  this  apparatus 
and  the  series  of  trial  laboratory  runs  is  not  yet  completed.  It 
should  be  noted  that  the  principle  of  using  pressure  apparatus 
for  the  treatment  of  bituminous  sand  has  been  patented  in  the 
United  States  by  C.  H.  Cook  and  J.  R.  Price,  both  of  San  Fran- 
cisco. 
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In  considering  the  derivation  of  crude  petroleum  from  crude 
bituminous  sand,  a  quantity  of  crude  oil  was  distilled  from  the 
bituminous  sand.  This  oil  was  then  completely  fractionated 
and  each  fraction  refined.  Based  on  the  data  thus  secured, 
and  making  the  necessary  assumptions  regarding  other  factors, 
a  tentative  estimate  was  prepared  showing  investment,  working 
costs,  and  probable  gross  profits  from  commercial  destructive 
distillation  of  the  crude  bituminous  sand. 

The  capacity  of  the  retort  used  in  carrying  out  this  distil- 
lation in  the  laboratory  was  approximately  fifteen  pounds  of 
of  crude  bituminous  sand.  It  will  obviously  be  necessary  to 
extend  the  work  on  a  much  larger  scale  before  anything  definite 
can  be  stated  regarding  the  commercial  possibilities  of  such 
distillation. 


NOTES  ON  ELECTRO-CHEMICAL  AND   METALLURG- 
ICAL POSSIBILITIES  IN  CANADA 

By  H.  E.  Howe 

Annual  Meeting,  Montreal  March,  1917 

In  considering  the  utility  of  hydro-electric  power  we  must 
remember  that  it  is  simply  another  way  of  selling  energy,  and  its 
cost  must  always  be  compared  with  the  cost  of  energy  in  other 
forms,  such  as  coal.  It  may  be  expected,  therefore,  that  hydro- 
electric development  will  be  more  extensive  in  the  immediate  fu- 
ture in  Canada  than  in  for  example  the  United  States,  where  coal 
is  found  relatively  near  the  industrial  centres  and  at  points  where 
it  can  be  used  direct  or  where  gas  from  by-product  coke  ovens  can 
be  used  to  produce  electric  energy  at  a  price  competing  with  its 
cost  when  generated  by  hydro-electric  power.  It  must  be  borne 
in  mind  that  while  steam  plants  are  now  producing  power  with 
approximately  one-half  the  coal  required  fifteen  years  ago  and 
at  a  capital  cost  of  little  less  than  half  what  it  was  at  that  time, 
hydro-electric  equipment  had  a  very  high  initial  efficiency  and 
consequently  has  not  enjoyed  anything  like  the  same  degree  of 
improvement,  while  the  cost  has  in  no  way  decreased.  In  fact, 
owing  to  increased  prices  of  materials  and  labour,  the  cost  per 
horse-power  is  probably  higher  than  it  was  fifteen  years  ago. 

Therefore,  the  fact  that  a  water  power  exists  and  offers 
opportunity  for  development  as  a  source  of  electric  energy  does 
not  necessarily  imply  that  it  is  economic  to  develop  it  or  that 
developed,  a  group  of  industries  will  at  once  find  a  home  in  that 
vicinity. 

Let  us  consider  for  a  moment  whether  electro-metallurgical 
and  electro-chemical  industries  may  be  established  advantage- 
ously in  Canada  at  the  present  time.  To  determine  this,  two 
points  must  be  considered:  First,  is  there  sufficient  demand  for 
the  products  of  these  industries  in  Canada,  and  second,  is  there 
not  other  demands  for  electric  power  which  at  present  must 
supersede  such  industries?  Almost  without  exception  electric 
products  are  the  raw  materials  for  other  industries;  we  must  have 
a  relatively  large  number  of  such  industries  before  the  establish- 
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ment  of  electro  Iiulustries  can  be  justified.  As  to  the  second 
point,  it  would  seem  that  a  market  for  labour  is  one  of  the  com- 
manding questions  before  Canada  at  the  present  time,  especially 
in  view  of  the  return  of  soldiers  and  the  expected  immigration 
of  many  hands  who  will  want  employment  in  other  than  agri- 
cultural pursuits. 

Other  industries,  such  as  spinning  and  weaving,  employ 
many  more  hands  per  horsepower  of  electric  energy  consumed 
than  do  electro-chemical  and  metallurgical  plants  and  can  afford 
to  pay  a  higher  price.  Such  employment  in  turn  builds  up 
communties  and  offers  opportunities  for  wholesale  and  retail 
merchants  and  the  host  of  secondary  industries  incident  to  any 
concentrated  population.  If  we  consider  the  relation  between 
the  horsepower  consumed  in  Niagara  Falls,  N.  Y.,  or  Ontario,  in 
relation  to  the  population  of  these  places  and  apply  the  same 
line  of  reasoning  to  the  locality  of  Manchester,  N.H.,  or  Lowell, 
Mass.,  this  point  will  at  once  be  emphasized.  It  must  be  obvious 
that  electro-chemical  and  electro-metallurgical  industries  face 
another  handicap,  for  with  the  increase  of  the  consuming  popu- 
lation and  industries  utilizing  electro  products  there  comes  a 
growing  and  insistent  demand  for  power  which  tends  to  place 
the  cost  of  electric  energy  at  a  higher  price  than  such  processes 
can  afford  to  pay.  They  are  therefore  gradually  forced  to  seek 
advantageous  points  at  a  little  distance  from  the  large  centres, 
but  these  points  can  only  be  chosen  where  the  reasonably  low 
incoming  and  outgoing  freight  rates  are  available. 

The  considerations  determining  the  location  of  electro  in- 
dustries, include  the  following:  First,  there  must  be  a  source 
of  large  amounts  of  power.  The  fixation  of  atmospheric  nitrogen, 
for  example,  requires  25,000  kilowatt  hours  to  produce  one  ton 
of  100%  nitric  acid.  The  manufacture  of  aluminum  requires  a 
like  amount  of  power  per  ton  of  finished  product.  The  production 
of  ferro-alloys  which  have  become  an  essential  in  modern  industry 
for  the  making  of  high  speed  steels,  the  hardening  of  armour,  and 
piercing  projectiles,  consume  from  3000  to  8000  kilowatt  hour  per 
ton  of  product  depending  upon  the  grade  of  alloy  made.  The 
process  of  casting  an  alloy  or  refining  steel  consumes  from  600  to 
1000  kilowatt  hours  per  ton,  while  the  refining  of  nickel  requires 
energy  to  the  extent  of  3000  kilowatt  hours  per  ton.     Lead  is  the 
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smallest  power  consumer,  since  only  120  kilowatt  hours  per  ton 
of  refined  product  are  required,  while  copper  at  300  kilowatt 
hours  per  ton  is  next. 

Second,  this  power  must  be  reliable.  It  should  not  be  sub- 
ject to  great  variation,  for  in  electric  furnace  operations,  especial- 
ly, it  is  frequently  fatal  to  have  a  sudden  diminution  in  the  amount 
of  power  available.  This  means  that  in  some  instances  a  water 
power  which  is  subject  to  severe  ice  conditions  or  where  the  flow 
of  water  materially  decreases  in  summer  must  have  a  steam 
plant  as  an  auxiliary  if  a  high  average  of  efficiency  is  to  be  de- 
rived from  the  water  power  itself  during  other  seasons  of  the 
year. 

Third,  the  power  must  be  cheap,  far  cheaper  than  many 
suppose,  if  electro-chemical  and  metallurgical  processes  are  to 
be  established  on  anything  approaching  a  large  scale.  $20.00 
per  horsepower  year,  which  is  equivalent  to  3c.  per  kilowatt 
hour,  is  not  cheap.  At  that  price  many  important  processes 
cannot  be  carried  on.  By  locating  a  plant  equipped  with  the 
modern  turbo  alternators  near  the  coal  fields,  it  is  possible  to  com- 
pete with  this  figure  through  the  generation  of  electricity  from 
steam  power.  Artificial  fertilizers  and  the  great  group  of  in- 
dustries depending  upon  nitrates  must  have  power  considerably 
below  $10.00  per  horsepower  year.  Dr.  Eyde  stated  in  1912 
that  when  electric  energy  in  Norway  exceeded  a  price  of  $6.00 
per  horsepower  year  it  would  become  impossible  for  the  great 
plants,  so  favourably  located,  to  compete  with  other  sources  of 
nitrates. 

Fourth,  there  must  be  reasonably  cheap  freight  rates  from 
the  plant  to  the  consuming  industries  and  on  the  raw  materials 
which  must  be  brought  in.  Electro-chemical  industries  are 
large  consumers  of  such  materials  as  salt,  coal,  silica  and  calcium 
compounds,  and  in  many  instances  their  products  must  be  sold 
at  a  price  which  precludes  the  possibility  of  paying  large  amounts 
for  freight. 

Fifth,  for  this  reason  the  nearness  to  consumers  is  almost 
always  an  essential.  It  has  been  estimated  that  a  distance  of 
1000  miles  to  the  centre  of  distribution  is  equivalent  to  an  increase 
•of  from  $10.00  to  $20.00  per  horsepower  year  in  the  cost  of  power 
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itself.  Where  raw  materials  are  bulky,  and  the  product  is  not 
bulky,  work  must  be  carried  on  near  the  raw  materials.  Where 
large  amounts  of  power  are  essential  it  may  pay  to  bring  the  raw 
materials  to  it.  Such  questions  must  be  considered  separately 
in  each  individual  instance. 

Sixth,  there  must  be  good  labour  conditions,  and  finally  raw 
materials  must  be  available. 

Relatively  higher  prices  can  be  paid  for  electric  power  only 
where  the  optimum  conditions  of  locality,  market,  freight  rates, 
accessibility  to  raw  materials  and  labour  conditions  exist.  An 
exceptional  advantage  for  any  one  of  these  five  factors  may  be 
sufficient  to  a  overcome  a  considerable  weakness  in  one  or  more  of 
the  others;  for  example, in  Norway  power  is  so  cheap  and  a  large 
market  so  near,  with  water  transportation,  that  a  very  large 
carbide  plant  is  being  installed,  even  though  some  of  the  raw 
materials  must  eventually  come  from  a  considerable  distance. 
Niagara  Falls  is  a  most  unusual  locality,  and  because  of  its  excep- 
tional advantages  must  not  be  taken  as  a  criterion  for  possible 
developments  in  other  places  as  they  exist  at  present. 

The  diagram  (p.  463)  is  intended  to  show  the  economic 
importance  of  electro  products  and  their  relation  to  other 
industries.  The  classifications  are  somewhat  arbitrary  and 
many  more  uses  are  found  for  the  products  than  can  be 
conveniently  indicated  in  such  a  chart.  While  it  shows  the 
tremendous  importance  of  the  products  of  electric  energy,  it 
also  indicates  that  in  nearly  every  instance  the  final  products 
are  the  raw  materials  of  other  industries.  Few  of  them  can 
afford  to  pay  much  for  transportation.  Two  extremes  may 
be  considered.  Aluminum,  where  tremendous  power  is  required 
but  where  the  finished  product  has  a  high  value  per  ton  and 
weight  in  proportion  to  its  bulk  that  permits  it  to  be  trans- 
ported great  distances.  We,  therefore,  find  bauxite  being 
imported  from  considerable  distances  into  Canada.  On  the 
other  hand,  sodium  hydroxide  or  caustic  uses  relatively  small 
amounts  of  power  and  produces  material  not  well  suited  to  long 
hauls.  The  result  is  the  location,  where  possible,  of  plants  near 
the  raw  material-salt-and  consuming  centres,  and  it  pays  to 
transmit  the  power  to  such  locations. 

It  would  seem,  therefore,  that  while  Canada's  hydro-electric 
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power  offers  many  potential  opportunities,  it  must  be  considered 
at  present  a  reserve,  and  several  conditions  must  be  satisfactory 
before  definite  recommendations  can  be  made.  First,  we  must 
know  about  Canadian  natural  resources  that  lend  themselves  to 
the  treatment  of  electric  processes,  and  we  must  have  information 
in  more  available  form  than  at  present;  second,  the  selection  and 
establishment  of  an  industry  utilizing  electric  energy  must  be 
done  with  great  care  and  with  a  thorough  study  of  the  economics 
in  each  instance;  third,  there  must  be  a  larger  consuming  popu- 
lation in  Canada  before  the  introduction  of  many  of  the  electric 
industries  can  be  justified;  fourth,  there  must  be  more  industries 
using  electro-products  as  their  raw  materials,  and  fifth,  really 
cheap  power  must  be  avilable. 

To  bring  about  this  latter  condition  there  must  be  lower  costs 
for  development.  Many  of  the  great  powder  companies  have  been 
obliged  to  spend  considerable  money  in  embellishment,  owing  to 
the  location  of  their  power  plants,  which  has  added  much  to  the 
cost  per  horsepower.  Owing  to  several  uncertainties,  money 
used  in  development  has  had  to  pay  a  higher  interest  rate  than 
in  other  forms  of  industrial  activity,  and  besides  it  costs  nearly 
three  times  as  much  to  develop  a  water  power  as  it  does  to  con- 
struct a  steam  plant  to  produce  the  same  amount  of  kilowatts  per 
hour.  If  capitalists  would  accept  bonds  at  5%  instead  of  7% 
the  cost  of  production  of  a  horsepower  hour  would  be  reduced 
22%.  Railways  and  other  forms  of  industries  seem  to  have  no 
difihculty  in  obtaining  money  at  this  rate,  and  it  may  eventually 
become  necessary  for  governments  to  use  their  credit  to  obtain 
money  at  low  rates  to  assist  in  water  power  development.  There 
must  also  be  reasonable  and  co-operative  legislation  to  insure  the 
permanency  and  safety  of  private  investments  in  such  projects. 

Based  on  these  principles  the  immediate  future  seems  to 
offer  Canada  two  fields  for  the  utilization  of  hydro-electric  powder 
in  electro-metallurgy  and  electro-chemistry.  Perhaps  the  most 
important  is  the  electro-metallurgical  field.  Here  Canada  has 
the  raw  materials;  she  has  the  consuming  market  for  much  of 
the  material  to  be  used  in  the  construction  work  w^hich  must  go 
forward,  while  in  many  instances  the  products  can  be  exported  to 
advantage  by  all  water  routes.  Hydro-electric  power  would 
seem  particularly  well  adapted   to  this  industry  here,  because 
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electric  furnaces  do  not  require  the  peculiar  crucible  clays  which 
would  have  to  be  imported;  the  product  is  of  the  highest  grade, 
and  the  fuel  which  we  should  feel  called  upon  to  conserve  for  the 
sake  of  posterity  is  replaceable  with  electric  energy  in  the  form  of 
heat.  Every  million  kilowatts  used  is  equal  to  eleven  and  a  half 
million  tons  of  coal  per  annum,  and  it  must  be  remembered  that 
under  general  average  conditions  it  requires  approximately  four 
pounds  of  coal  to  develop  one  horsepower.  Electro-metallurgic 
processes  have  already  a  strong  foot-hold  in  Canada  and  important 
developments  have  been  the  result.  I  refer  to  the  production  of 
ferro- titanium  directly  from  the  ores  and  concurrently  with  it  the 
manufacture  of  high-grade  irons  from  the  titaniferrous  iron  ore  of 
Canada,  which  have  constituted  a  problem.  You  are  also  aware 
of  the  important  place  which  electro-metallurgy  holds  with 
relation  to  munition  manufacture.  The  indications  therefore 
seem  to  be  that  further  development,  not  only  in  the  smelting  of 
ores  but  in  the  utilization  of  scrap  materials  lies  in  the  immediate 
future. 

In  the  electro-chemical  field  there  are  also  instances  of  im- 
portant developments,  such  as  the  group  of  processes  at  Shawini- 
gan  and  at  Niagara  Falls,  Ontario.  The  production  of  nitrates 
now  illustrated  by  the  American  Cyanamid  Company  at  Niagara 
Falls,  Ontario,  would  seem  to  offer  the  best  electro-chemical 
field,  but  it  must  have  far  cheaper  power  than  is  now  offered  if 
considerable  expansion  is  to  be  expected.  The  production  of 
nitrogen  fixation  is  of  great  economic  and  national  importance. 
Nitric  acid  is  the  basis  of  many  chemical  industries,  is  an  absolute 
essential  in  all  explosive  manufacture,  and  is  required  in  ever- 
increasing  amounts  for  the  production  of  fertilizers.  Canada 
must  eventually  use  fertilizer.  It  is  well  known  that  we  cannot 
continually  draw  money  from  the  bank  without  occasionally 
depositing  funds,  and  yet  we  hear  stories  of  how  rich  the  farm 
lands  used  to  be  forgetting  that  the  fertility  of  a  virgin  soil  must 
gradually  disappear  unless  replaced  in  some  measure.  Those 
nations  praised  for  the  yields  per  acre  are  also  the  nations  where 
the  greatest  amounts  of  fertilizer  are  used  annually  per  acre. 
The  fixation  of  atmospheric  nitrogen  is  a  large  consumer  of  power, 
the  product  will  stand  reasonable  transportation  charges,  a  nation 
cannot  be  wholly  independent  without  nitrates,  and  for  these 
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reasons  this  particular  electro-chemical  process  would  seem  to 
command  early  attention. 

Although  it  is  beyond  the  province  of  this  discussion,  the 
utilization  of  hydro-electric  power  to  a  greater  extent  in  trans- 
portation may  be  mentioned.  The  heavy  initial  investment  is  a 
serious  factor,  l)ut  against  this  may  be  mentioned  the  conservation 
of  fuel,  the  fact  that  many  water  powers  exist  where  grades  are 
heavy  and  population  sparse,  and  the  fact  that  considerably 
greater  motive  power  can  be  obtained  from  an  electric  locomotive 
than  it  is  possible  to  develop  from  the  most  modern  steam 
locomotives. 

In  considering  the  possibility  of  saving  coal  through  the 
utilization  of  hydro-electric  power,  it  is  interesting  to  note  that 
prior  to  the  war  France  consumed  about  60,000,000  tons  of  coal 
per  year,  of  which  33^%  was  imported.  Now  the  Germans  hold 
a  good  part  of  the  French  mines,  and  it  is  needless  to  say  that 
when  they  are  returned  to  France  they  will  be  well  worked  out. 
Consequently  a  survey  of  the  water  power  resources  of  France 
has  been  made  with  the  result  that  power  estimated  at  from 
6,000,000  to  10,000,000  horsepower  has  been  located.  About 
45,000,000  tons  of  coal  are  used  annually  in  France  for  power 
producing  12,000,000  horsepower.  The  development  of  6,000,000 
hydro-electric  horsepower  will  represent  an  annual  saving  of 
over  20,000,000  tons  of  coal. 

The  cheapness  of  electric  power  determines  to  a  great  degree 
the  future  of  electro-chemistry  and  electro-metallurgy  in  Canada, 
as  well  as  elsewhere.  I  have  attempted  to  set  forth  some  of  the 
limitations  governing  present  processes,  but  with  cheaper  power 
it  is  not  at  all  unlikely  that  new  processes  wil  be  devised  and  new 
products  be  produced  that  may  entirely  alter  the  situation  as  it 
appears  at  present.  Cheap  power  will  also  largely  determine 
what  can  be  done  with  existing  processes. 


Discussion 


Dr.  W.  L.  Goodwin — I  have  travelled  in  Ontario  a  great 
deal  and  I  believe  we  could  develop  any  amount  of  water  power, 
if  it  could  be  supplied  cheaply  enough.     The  paper  just  read  re- 
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fers  to  that  point.  I  remember  some  years  ago  when  I  pre- 
pared a  paper  for  the  Institute  on  the  general  subject  of  water- 
power,  I  noted  that  water-power  in  Europe  was  then  being 
sold  for,  I  think,  $7  per  h.p.  per  year.  Mr.  Howe  states  that 
a  rate  of  S24  is  too  expensive,  but  I  believe  power  can  be 
bought  in  Canada  for  very  much  less  than  that  figure — probably 
in  many  centres  it  could  be  supplied  for  SIO  per  h.p.  per  year. 

Mr.  W.  J.  Dick: — The  efficiency  and  adaptability  of  electric 
energy  for  refining  of  metals  and  the  manufacture  of  chemical 
products  have  long  been  recognized  but  it  was  not  until  recent 
years  that  the  industrial  world  awakened  to  the  importance  of  the 
new  field.  Electric  refining,  at  first  applied  to  copper  only, 
is  now  being  extended  to  all  the  metals  and  the  electric  current  is 
also  employed  in  their  extraction  from  the  ores.  The  manu- 
facture of  ferro-alloys  of  chromium,  vanadium,  molybdenum, 
tungsten,  titanium,  silicon,  etc.,  required  for  special  steels,  has 
assumed  an  importance  which  is  rapidly  increasing.  The  pro- 
duction of  aluminium,  of  calcium  carbide,  of  the  abrasives,  of 
new  refractory  materials,  of  graphite,  etc.,  has  already  created 
large  industries.  Sodium  compounds  and  other  well-known 
chemicals  have  long  been  manufactured  by  electrolysis.  The 
fixation  of  nitrogen  with  its  many  subsidiary  industries,  such 
as  the  manufacture  of  nitric  acid,  ammonium  nitrate,  explosives, 
etc.,  the  reduction  of  magnesium  and  the  production  of  in- 
numerable chemical  compounds  known  at  present  only  to  the 
special  trades  requiring  them,  are  now  under  commercial  de- 
velopment. 

On  account  of  the  low  efficiency  of  electro-chemical  work 
and  the  large  amount  of  power  used  in  the  processes  it  might 
be  said  that  one  of  the  principal  controlling  factors  in  the  estab- 
lishment of  these  industries  is  cheap  electric  power.  The  water- 
power  resources  of  Canada  are  not  only  great  but  there  are  many 
large  water  powers  situated  near  tide-water  which  would  be 
developed  and  operated  at  low  cost.  In  addition,  their  situation 
and  proximity  to  markets  either  on  the  Atlantic  or  Pacific  offer 
unrivalled  opportunities  for  the  expansion  of  present  chemical 
industries  and  the  establishment  of  new  ones.  Owing  to  the 
advantages  outlined  above,  and  to  the  fact  that  electric  current 
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in  eastern  United  States  will  become  more  valuable  for  power 
and  lighting  i)iirposes,  Canada  is  destined  to  secure  the  principal 
electro-chemical  and  electro-metallurgical  industries  of  eastern 
North  America. 

Norway  has  long  forseen  the  importance  of  developing  her 
water  powers  and  today  her  electro-chemical  products  form  the 
basis  of  many  of  the  chemical  industries  in  Europe. 

The  principal  electro-chemical  industries  already  established 
in  Canada  are: 

Manufactures  of  aluminium,  calcium  carbide,  metallic  mag- 
nesium, calcium  cyanimide,  phosphorus,  ferro-silicon,  and  the 
refining  of  copper,  zinc  and  cobalt.  The  first  five  industries 
enumerated  not  only  produce  considerable  quantities  for  home 
consumption  but  also  for  export. 

In  1913,  the  United  Kingdom  imported  some  $23,250,000 
worth  of  chemical  products  of  which  most  of  them  could  be 
manufactured  as  electro-chemicals  but  of  this  amount  over 
2, $7 50, 000  worth  were  electro-chemicals  such  as  ferro-silicon, 
spiegeleisen,  calcium  carbide,  and  some  soda  compounds.  Of  the 
total  imports  of  chemical  products  Canada  did  not  export  more 
than  $200,000  worth  and  of  the  electro-chemicals  mentioned  not 
a  dollar's  worth  was  exported  to  Great  Britain.  On  account  of 
the  large  powers  situated  near  our  shipping  routes  Canada  has 
a  splendid  opportunity  to  secure  this  trade  but  instead  of  develop- 
ing our  own  electro-industries  we  are  developing  ourwater  powers, 
transmitting  the  electricity  across  the  line  and  building  up  electro- 
chemical industries  there.  This  policy  is  an  unwise  one  for  two 
reasons:  first,  we  are  developing  some  of  our  best  water  powers 
and  allowing  industries  to  be  created  in  the  United  States  based 
upon  this  power,  although  experience  has  shown  us  that  one  of 
the  great  drawbacks  to  the  economic  manufacture  of  mineral 
products  in  Canada  is  the  fact  that  we  would  have  to  compete 
with  well  established  plants  to  the  south  of  the  line.  In  other 
words  we  encourage  their  establishment  for  the  sake  of  giving 
employment  to  a  few  power-house  men,  and  then  deplore  the  fact 
that  we  cannot  compete  with  these  plants.  Second :  if,  owing  to 
there  not  being  sufficient  demand  for  power  in  Canada,  we  allow 
it  to  be  exported  to  United  States,  which  results  in  the  establish- 
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inent  of  vested  interests  in  that  country,  it  may  be  a  difficult 
matter  to  prevent  the  export  of  this  power  when  there  is  the 
demand  for  it  in  Canada. 

The  following  extract  from  the  Seventh  Annual  Report  of 
the  Commission  of  Conservation^  shows  the  importance  of  this 
subject:  "When  development  commenced  at  Niagara  Falls, 
there  was  comparatively  little  market  for  electric  power  on  the 
United  States  side  of  the  river.  Consequently,  electro-chemical 
industries  were  induced  to  start,  and  large  blocks  of  power 
were  contracted  for  at  a  comparatively  low  figure.  Consider- 
able quantities  of  power  were  also  exported  from  Canada  to  the 
United  States,  some  of  it  being  used  in  the  newly  started  industries. 
The  United  States  interests  now  fear  that  if  they  do  not  get  the 
balance  of  the  power  that  is  already  available,  and  can  be  made 
available  under  the  existing  treaty,  at  Niagara  Falls,  that  the 
power  will  be  used  in  Canada  to  build  up  Canadian  industries. 
Before  long,  the  electro-chemical  industries,  such  as  those  manu- 
facturing nitrogenous  products,  will  be  re-establishing  themselves 
elsewhere.  Under  existing  contracts  they  are  getting  at  $10, 
$12  and  $15  per  horse  power,  power  that  has  a  market  value  in 
cities  in  New  York  state,  ranging  from  $60  to  $75  and  upwards 
per  horse  power.  Now,  if  these  industries  in  the  United  States 
can  continue  to  increase  their  importation  of  electricity  from 
Canada  for  a  little  while  longer,  and  if  the  available  surplus  from 
Canada  can  once  be  transferred  to  the  United  States,  then,  ac- 
cording to  the  New  York  Public  Service  Commission,  there 
need  be  no  fear  of  its  being  withdrawn.  This  is  a  matter  of  great 
importance  to  Canada." 

i\Vater  and  Water-power  Problems,  by  A.  V.  White. 


MAGNESIUM 
Its  Properties,  Manufacture  and  Uses 
By  J.  C.  King 

Introductory. — Before  the  war  magnesium  was  used  in 
moderate  amounts  and  was  produced  in  Germany,  which  possesses 
large  deposits  of  magnesium  salts  from  which  the  metal  can 
conveniently  be  produced.  Magnesium  has  been  needed  in  large 
(juantities  for  military  operations,  and  one  effect  of  the  war  has 
been  the  establishment  in  Canada  of  a  plant  for  the  production 
of  this  metal  after  the  German  supply  had  been  cut  off. 

Although  the  process  for  making  magnesium  was  known  in 
outline,  a  large  amount  of  research,  both  in  the  laboratory  and  in 
the  works,  was  required  before  the  metal  could  be  produced 
commercially  in  this  country,  and  even  now  the  process  has  not 
reached  its  full  development. 

The  economical  production  of  magnesium  requires  not  only 
an  amply  supply  of  the  raw  materials  and  of  electric  power,  but 
also  depends  on  a  large  and  continuous  demand  for  the  product. 
Military  requirements,  although  adequate  for  a  time,  cannot 
permanently  be  depended  on,  and  it  becomes  necessary  to 
investigate  the  possible  uses  of  this  metal  in  alloys  and  for  oth'er 
purposes.  The  information  available  with  regard  to  the  properties, 
manufacture  and  uses  of  this  comparatively  new  metal  have  been 
summarized  in  the  following  paper  by  Mr.  King.— Alfred 
Stansfield. 


Properties  of  Magnesium 

1.  Physical:  Pure  magnesium  is  a  white,  brilliant  metal 
having  an  atomic  weight  of  24.32,  and  a  specific  gravity  of 
1.74;  it  melts  at  651°C.,  and  boils  at  1120°C.  Specific  heat  0.249; 
lin.  coeff.  of  expansion  .000,026,9;  thermal  conductivity  0.376. 
C.  G.  S.  units.  Heat  of  combustion  to  MgO  6077  calories 
per  grain  or  10,939  B.T.U.  per  lb. ;  electrical  conductivity  230,000 
resistivity  at  20°C.  (michrohm-cm.)  4.569;  temp,  coeff.  of  resist- 
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ance  0.004,19;  tensile  strength  33,000  lb.  per  sq.  in.;  compressive 
strength  38,000  lbs.  per  sq.  in.,  and  bending  strength  25,000  lb. 
per  sq.  in. 

Brittle  when  cold,  but  extremely  malleable  and  ductile 
when  heated  to  about  400°C,  magnesium  alloys  readily  with 
most  metals  and  greatly  modifies  their  crystalline  and  other 
physical  properties. 

2.  Chemical:  Magnesium  oxidizes  readily  when  exposed  to 
the  atmosphere,  forming  a  thin  coating  of  hydriated  oxide  which 
prevents  further  corrosion.  In  a  finely  divided  state  magnesium 
may  be  ignited,  when  it  will  burn  in  the  air,  and,  if  mixed  with 
an  oxidizing  agent,  combustion  is  produced  with  explosive 
violence,  accompanied  by  the  emission  of  great  heat  and  a 
dazzling  white  light  rich  in  actinic  qualities.  Magnesium  is  a 
most  valuable  reducing  agent,  due  to  its  intense  avidity  for  both 
oxygen  and  nitrogen. 

Pure  magnesium  has  no  action  on  pure  water,  but  in  the 
presence  of  a  trace  of  platinum  chloride  it  decomposes  water 
quickly,  evolving  hydrogen.  Platinized  magnesium  constitutes 
a  good  reducing  agent,  for  instance,  it  reduces  nitrobenzine 
completely  to  aniline  (Ballo.  Ber.  16-694).  Dilute  acids  rapidly 
dissolve  it  with  violent  evolution  of  hydrogen.  Strong  sulphuric 
acid  acts  slowly  and  a  mixture  of  this  acid  with  fuming  nitric 
acid  has  no  action  on  magnesium  at  ordinary  temperatures. 
Solutions  of  caustic  alkalis  have  no  action  upon  it.  Magnesium 
combines  with  sulphur,  phosphorus  and  arsenic,  and  at  a  red 
heat  decomposes  oxides  of  carbon,  SOj  and  many  hydro-carbons. 
Silica  and  boric  acid  are  readily  reduced  by  it,  and  it  combines 
directly  with  nitrogen,  forming  a  crystalline  nitride  of  the  com- 
position MgjNj.  Magnesium  precipitates  nearly  all  metals  from 
their  neutral  solutions  in  the  metallic  state,  but  aluminum  uran- 
ium and  chromium  are  precipitated  as  oxides. 

Manufacture 

Metallic  magnesium  has  been  produced  in  Germany  by 
electrolysis  from  a  fused  dehydrated  bath  of  natural  carnalite, 
i.e.,  a  double  chloride  of  potassium  and  magnesium.    The  metal 
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produced  had  a  piiritN'  of  from  96%  to  98%.  The  Shawini^an 
Electro  Metals  Company  are  the  only  producers  of  magnesium 
in  Canada.  They  are  using  a  process  which  consists  in  electro- 
lyzing  a  bath  of  fused  chlorides  and  their  process  is  such  that  they 
are  able  to  produce  a  metal  of  a  purity  of  99.7%  magnesium.  This 
has  been  accomplished  through  improvements  in  furnace  design 
and  modifications  in  the  composition  of  the  electrolyte,  etc. 

The  chlorine  is  collected  and  used  in  the  manufacture  of 
chloride  of  lime  and  magnesium  chloride  (MgCl^).  Magnesite 
(MgCOj)  is  calcined  and  ground  to  a  very  fine  powder  which 
consists  of  magnesium  oxide  (MgO),  with  impurities  such  as  iron, 
alumina  and  silica.  Water  is  added  to  form  milk  of  magnesia 
(Mg(0H)2),  which  may  be  treated  in  either  of  two  ways  to 
obtain  magnesium  chloride:  (1)  Chlorine  may  be  passed  through 
milk  of  magnesia  in  the  presence  of  a  catalizing  agent,  or  (2) 
chlorine  may  be  converted  into  hydrochloric  acid  gas  (HCl) 
which  is  passed  through  the  milk  of  magnesia.  The  dilute  liquor 
obtained  by  either  of  the  above  methods  is  then  purified  and 
evaporated  to  dryness,  the  magnesium  chloride  being  returned  to 
the  furnaces.  This  process,  it  will  be  seen,  is  cyclic  w^th  respect  to 
chlorine. 

Uses 

Up  to  the  present,  magnesium  has  been  useful,  mainly 
through  its  property,  when  finely  divided,  of  rapid  combustion 
in  the  air,  with  attendant  emission  of  heat  and  light,  as  in  flash 
light,  fiare,  shell  trailer  and  star-bomb.  These  uses,  while  im- 
portant, are  but  temporary.  It  is  to  the  metallurgist,  not  to  the 
munition  manufacturer,  we  must  look  for  the  development  on 
permanent  lines  of  the  magnesium  industry. 

Prof.  J.  W.  Richards,  of  Leheigh  University,  says:  "While 
the  war  lasts,  with  its  enormous  demand  for  magnesium  for 
military  purposes,  the  price  will  remain  in  the  dollars  per  pound, 
but  with  improved  processes,  and  with  normal  industrial  con- 
ditions after  the  war,  magnesium  will  probably  sell  at  a  price 
which  will  take  it  out  of  the  class  of  rarer  metals,  and  put  it  among 
the  common  ones.  As  the  price  goes  down  its  industrial  uses  will 
increase  in  geometrical  proportion,  and  instead  of  the  pro- 
duction being  expressed  in  thousands  of  pounds  per  year,  it  will 
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reach  thousands  of  tons.  This  will  be  one  of  the  by-products 
of  the  war's  stimulus  to  metallurgical  industry.  The  possibilities 
held  out  to  the  metal  industry  by  reasonably  cheap  magnesium 
are  extremely  interesting,  and  it  is  quite  possible  that  alloys 
analogous  to  dur-alumin  may  be  discovered  as  strong  as  soft 
steel  with  only  30%  of  its  weight,  which  will  find  extensive  use 
in  aeroplanes  and  dirigibles.  Such  alloys  may  largely  displace 
aluminum  alloys,  which  are  now  used  by  the  thousands  of  tons 
annually  in  the  automobile  industry,  with  a  saving  of  one-third 
in  weight,  which  will  compensate  for  the  higher  first  cost.  Other 
metallurgical  uses  of  magnesium  which  will  be  greatly  extended 
by  its  lower  price,  are  for  deoxidizing  brass,  copper,  bronze,  nickel 
and  monel  metal,  since  it  is  a  much  stronger  deoxidizer  than 
aluminum.  Aluminum  has,  in  fact,  blazed  the  way  into  numerous 
uses  for  which  magnesium,  as  soon  as  it  becomes  cheaper,  will 
compete  and  replace  its  older  sister." 

Dr.  \Vm.  H.  Grosvenor  says:  "The  chief  uses  of  magnesium 
are  as  a  scavenging  alloy,  i.e.,  for  clearing  up  oxides  of  other  metal, 
and  making  for  denser,  cleaner,  stronger  and  more  homogeneous 
alloys.  In  aluminum  casting,  for  instance,  magnesium  cleans  up 
the  aluminum,  about  doubling  its  tensile  strength,  and  quad- 
rupling its  resistance  to  shock  or  jar.  It  reduces  the  cost  of 
machining — halving  the  number  of  resets  on  the  cutting  tool, 
and  giving  clean  cut  machine  surfaces.  The  increase  in  strength 
means  a  reduction  in  weight  of  casting  of  generally  not  less  than 
25%.  A  number  of  experiments  have  been  made  on  deoxidizing 
copper,  and  these  show  that  copper  containing  oxygen  can  always 
be  refined  by  means  of  magnesium.  The  copper  used  was  elec- 
trolytic of  great  purity  (99.96%)  being  free  from  tin,  iron,  lead, 
arsenic  and  sulphur,  and  containing  0.01%  zinc,  a  trace  of  nickel, 
and  0.0237%  oxygen,  or  a  total  impurity  of  less  than  0.04%. 
When  the  melting  took  place  rapidly  under  a  charcoal  cover,  a 
few  hundredths  of  a  per  cent  of  magnesium  was  sufficient,  the 
required  amount  varying  with  the  speed  of  melting  and  also  with 
the  length  of  time  for  which  the  melted  copper  remained  in  the 
furnace  after  the  melt  was  over.  An  alloy  of  magnesium  and 
copper  containing  20%  magnesium  was  preferred  for  these  ex- 
periments to  a  richer  alloy,  as  its  use  prevented  a  too  violent 
reaction  and  loss  in  manipulation.   This  alio}'  is  brittle  and  may 
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conveniently  be  weighed.  An  acid  slag  of  the  composition 
FeO-CaO-2SiO,,  fineK'  powdered,  and  easily  fusible,  was  added 
after  the  deoxidization  had  taken  place  and  proved  advantage- 
ous, until  much  oxide  had  been  taken  up,  when  the  slag  was  made 
more  liquid  by  the  addition  of  building  sand. 

"Special  attention  is  necessary  to  see  that  aslittle  of  there- 
fining  (reducing)  agent  as  possible  remains  in  the  copper  after  it 
has  been  used  for  deoxidizing.  If  to  melted  copper  additions  are 
made  of  other  more  easily  oxidizable  elements  like  tin,  zinc, 
nickel,  iron,  manganese,  phosphorus,  silicon,  aluminum  or 
magnesium,  the  whole  of  the  cuprous  oxide  (CuaO)  present  is 
theoretically  reduced  with  formation  of  oxide  of  the  other  metal. 
However,  on  account  of  the  great  dilution  in  the  solvent  (copper 
in  this  case)  an  excess  of  the  reducing  agent  is  necessary.  This 
excess  must  be  the  greater,  the  smaller  the  tendency  of  the  reducing 
agent  to  form  oxides.  If  this  excess  remains  in  the  copper  it  may 
prove  deleterious.  In  the  series  of  metals  above,  the  afifinity  for 
oxygen  increases  from  first  to  last  mentioned.  Magnesium  is  the 
last,  and  has  the  strongest  afiinity  for  oxygen,  in  consequence 
of  which,  its  excess  in  the  solvent  is  least,  and  the  electric  con- 
ductivity of  the  copper  is  actually  increased,  due  to  its  perfectly 
scavenged  condition. 

"These  experiments  show  that  of  all  reducing  agents  magnes- 
ium is  the  most  suitable  in  removing  the  last  trace  of  oxygen 
from  desulphurized,  poled  copper,  or  from  melted  electrolytic 
copper,  the  addition  of  a  few  hundredths  of  one  per  cent  of 
magnesium  being  suflficient  to  produce  the  best  quality  of  copper, 
especially  that  of  the  highest  electric  conductivity. 


Material  Tested 

Elec.  conduc- 
tivity in   % 
that  of  purest 
copper 

Breaking 
strength 
lbs.  per 
sq.  inch 

Elong- 
ation 

% 

Number  of 

twists  radius 

100  m.m. 

Electrolytic  copper  99.96%     . 

97.1 

60, 850 

2.0 

5.5 

Copper    +    0.1%    Magnesium, 
0.013%Mg.  remaining  in  Cu 

98.5 

61,000 

2.75 

8.0 

Remarks:  Starting  material,  total  impurities 04% 

Total  impurities  remaining 03% 
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"Magnesium  may  be  advantageously  employed  in  place  of 
zinc  in  toxicological  investigations\  owing  to  its  freedom  from 
arsenic.  It  may  likewise  be  used  instead  of  zinc  in  volatic  batteries 
owing  to  its  higher  electromotive  force." 

Alloys 

Magnesium  alloys  with  nearly  all  metals.  It  forms  malle- 
able alloys  with  potassium  and  sodium  which  decompose  water 
at  ordinary  temperatures.  Hoffman  and  Suchy  claim  that 
magnesium  and  its  alloys  may  be  cast  free  from  hydrogen  bubbles 
and  without  any  oxide  or  nitride  being  formed,  when  mixed  with 
from  0.1%  to  0.5%  of  calcium.  The  calcium  may  be  applied  as 
powdered  burned  lime,  and  being  used  in  small  amounts  it  does 
not  impart  to  the  alloy  any  of  the  characteristics  of  a  calcium 
alloy.  It  has  been  found,  in  the  production  of  alloys  containing  a 
relatively  low  percentage  of  magnesium,  that  the  magnesium  is 
most  readily  and  economically  added  in  the  form  of  rich  alloys, 
which  in  general,  when  containing  from  20%  to  80%  of  magnes- 
ium, are  quite  brittle  and  can  easily  be  weighed. 

Aluminum- Magnesium:  Perhaps  the  best  known  alloy  of 
these  metals  is  magnalium,  which  contains  from  2%  to  20% 
magnesium  and  from  80%  to  98%  of  aluminum  according  to 
various  authorities.  It  has  a  specific  gravity  of  2.4-2.6  and  its 
properties  are  sufficiently  useful  to  insure  it  a  prosperous  future. 
It  does  not  smear  under  the  file,  has  a  fine  grain,  may  be  turned 
in  the  lathe  even  at  high  speed,  and  may  be  polished  like  a  mirror. 
It  is  easily  melted  and  cast,  is  used  for  many  parts  of  machinery, 
for  cooking  utensils  and  scientific  apparatus,  and  as  it  retains  its 
silvery  lustre  very  well,   is  suitable   for  optical   mirrors,  etc.^ 

Another  alloy  produced  by  Pistor  and  Rakowics  of  the 
Chemische  Fabrik  Griesheim  Elektron,  containing  92%  magne- 
sium and  8%  aluminum  has  a  specific  gravity  of  only  1.75  and 
"strength  and  extensibility  equal  to  the  best  gun  metal."  These 
metallurgists  also  state  that  alloys  of  magnesium  and  zinc,  or  of 
magnesium  and  copper  are  "greatly  superior  in  their  physical 
properties  to  the  usual  aluminum  or  its  alloys."  They  propose  the 
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use  of  these  "high  percentage  magnesium  alloys  containing  from 
80%  to  99.5%  magiu'siuni  and  from  0.5%,  to  20%,  of  other  metals 
for  any  mechanical  purposes,  especially  automobiles,  airships, 
instruments  and  for  niilitar>  and  sporting  purposes.  The  Shaw- 
inigan  Electro  Metals  CO.  has  i)roduced  an  alloy  containing  50% 
magnesium  and  Si)[c  aluminimi.  This  is  a  rich  alloy  intended  for 
use  in  producing  low  magnesium  alloys  of  aluminum.  It  is  silvery 
white,  does  not  tarnish  on  exposure  to  air,  and  is  extremely  brittle, 
being  readily  crumbled  in  the  han<l. 

Copper-Magnesium:  Alloys  of  these  two  metals  containing 
from  10%  to  80%  of  magnesium  are  brittle.  An  alloy  containing 
10%  magnesium  and  90%  copper  produced  by  the  Shawinigan 
Electro  Metals  Co.,  w^as  about  as  brittle  as  cast  iron,  the  surface 
of  cleavage  showing  a  crystallic  structure  and  iridescent  light 
orange  colour.  A  50-50  magnesium-copper  alloy  was  also  pro- 
duced. This  alloy  is  extremely  brittle,  having  a  crystalline  struc- 
ture and  a  steel  gray  lustre.  It  has  the  property  of  decomposing 
water  at  ordinary  temperatures  with  evolution  of  hydrogen  gas. 

Chas.  Vickers,  of  Niagara  Falls,  has  patented  an  alloy  con- 
taining magnesium  2%,  titanium  5%,  and  copper  93%.  It  is 
believed  that  the  titanium  combines  with  the  oxygen  and  other 
undesirable  elements  forming  titanic  acid,  and  the  magnesium 
combines  with  them  to  form  slags  so  fusible  that  they  are  en- 
tirely eliminated  from  the  bath.  The  surface  of  the  resulting 
castings  are  substantially  free  from  undesirable  specks  and 
blemishes. 

Zinc- Magnesium:  Walter  Rubel,  Berlin,  has  patented  an 
alloy  containing  from  94%  to  99%  magnesium,  and  from  1%  to 
6%  zinc.  It  has  a  specific  gravity  of  1.8;  an  elongation  of  from 
8%  to  12%;  tensile  strength,  when  cast,  22,000  to  36,000  lb. 
per  sq.  in.,  w^hen  rolled,  36,000  to  50,000  lb.  per  sq.  in.  Satisfac- 
tory alloys  of  these  metals  cannot  be  produced  with  less  than  1% 
nor  more  than  6%.  zinc.  In  case  the  material  is  to  be  rolled  or 
pressed  the  zinc  content  should  preferably  not  exceed  3%. 
Pure  zinc  is  not  essential,  as  good  alloys  can  be  made  if  the  zinc 
contains  copper,  aluminum  or  metals  of  the  iron  group,  such  as 
iron,  nickel,  chromium  or  manganese.  The  alloy  is  prepared  by 
carefully  melting  magnesium  with  the  exclusion  of  air,  and  adding 
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zinc,  when  a  readily  fusible  material  results,  which  can  be  cast, 
wrought,  rolled  or  machined  like  brass.  The  alloy  presents  the 
fracture  of  fine  steeP. 

Lead- Cadmium- Magnesium:  An  anti-friction  alloy  of  the 
composition  0.1%  to  5%  magnesium,  10%  cadmium,  and  the 
balance  (85%  to  90%)  lead,  has  been  patented  by  E.  A.  Touceda. 
The  magnesium  is  intended  to  harden  and  toughen  both  the  lead 
and  cadmium  constituents. 

Tin- Magnesium:  An  alloy  of  the  composition  15%  magne- 
sium and  85%  tin  forms  a  brittle,  lavender-coloured  alloy,  which 
decomposes  water  at  ordinary  temperatures. 

Thallium- Magnesium:  An  alloy  of  these  metals  containing 
5%  of  thallium  has  been  found  to  be  stable  and  much  more 
malleable  than  pure  magnesium"*. 

Conclusion 

From  the  foregoing  it  may  be  seen  that  while  some  interest- 
ing and  important  work  has  been  done  with  a  view  of  placing  the 
magnesium  industry  upon  a  permanent  basis,  the  surface  of  this 
field  has  been  scarcely  more  than  scratched.  Much  research  into 
the  uses  of  magnesium  as  a  scavenging  or  alloying  material  hg-s 
yet  to  be  accomplished.  In  this  connection  it  is  suggested  that 
the  scavenging  with  magnesium,  of  aluminum,  copper,  brass, 
bronze,  nickel  and  monel  metal,  might  profitably  be  investigated. 

The  following  tables  of  known  and  possible  alloys  of  magne- 
sium show  what  a  wide  field  for  research  lies  in  this  direction  and 
may  prove  helpful  to  those  working  with  such  alloys. 


*Met.  &  Chem.,  Eng 
^Thorpe. 
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SOME  SUGGESTIONS  ON  FILING  AND  INDEXING 
By  Frank  E.  Lathe 

Western  Branch,   1<)I7 

A  prominent  metallurgist  remarked  to  me  some  time  ago 
that  he  had  recently  read  a  valuable  article  in  one  of  the  technical 
magazines,  but  was  unable  to  recall  when  or  where  it  had  ap- 
peared. He  added  that  he  read  practically  everything  that  was 
written  in  English  along  the  lines  in  which  he  was  interested, 
but  that  much  information  was  lost  to  him  through  lack  of  some 
good  system  of  filing  and  indexing.  He  was  but  one  of  a  very 
large  class  of  engineers  who  feel  they  are  too  busy  to  spend  the 
time  necessary  for  any  system  of  filing.  There  seems  to  be  a 
general  fear  of  adopting  a  system  which  will  prove  a  white 
elephant,  a  system,  in  fact,  requiring  so  much  time  to  keep  up 
to  date  as  to  leave  very  little  for  the  actual  reading  and  study 
of  the  subject  matter.  It  is  in  the  belief  that  there  is  between 
the  two  extremes  a  happy  medium  which  it  is  entirely  practicable 
for  any  engineer  to  adopt  for  his  own  use  that  this  paper  is 
presented. 

It  is  not  only  in  the  preservation  of  technical  literature  that 
filing  and  indexing  are  useful  to  the  engineer;  it  will  also  be 
found  worth  while  to  index  mechanical  drawings,  records  of 
assays,  in  fact,  almost  everything  to  which  occasional  reference 
is  made.  Even  where  a  card  index  may  not  appear  justified  it 
will  in  many  cases  pay  to  secure  an  ordinary  index  account  book, 
in  which  an  alphabetical  list  may  be  kept  of  the  papers  to  be 
referred  to. 

In  this  connection  the  following  articles  dealing  with  the 
subject  of  indexing  may  be  consulted  to  advantage.:  "An 
Extension  of  the  Dewey  System  of  Classification  Applied  to 
Metallurgy,  Metallography  and  Assaying,"  by  Robert  M, 
Keeney,  in  the  April,  1911,  Quarterly,  of  the  Colorado  School 
of  Mines.  "An  Extension  of  the  Dewey  System  of  Classification 
Applied  to  Mining,"  by  Carl  A.  Allen,  in  the  October,  1912, 
Quarterly  oi  the  CoXorSido  School  of  Mines.  "Bulletin  No.  9, 
revised   1912,"  Engineering   Experiment   Station,  Urbana,  111., 
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in  which  nearly  all  the  engineering  branches  are  extended  as 
in  the  Dewey  system.  "Indexing  and  Filing  Technical  Litera- 
ture," by  Alvin  R.  Kenner,  Engineering  and  Mining  Journal, 
vol.  99,  p.  85L  " Filing  Technical  Literature,"  by  Edward  B. 
Durham,  Engineering  and  Mining  Journal,  vol.  101,  p.  784. 

The  classification  generally  adopted  in  libraries  is  the 
Dewey  or  decimal  system.  In  it  all  literature  is  placed  in  ten 
main  groups,  each  bearing  a  number,  as  follows : 

0.  General  Works.  4.  Philology.  7.  Fine  Arts. 

1.  Philosophy.  5.  Natural  Science.  8.  Literature. 

2.  Religion.  6.  Useful  Arts.  9.  History. 

3.  Sociology. 

Each  of  the  divisions  of  useful  arts  bears  the  above  number 
6,  and  an  additional  numeral,  thus: — 

61.  Medicine.        64.  Domestic  Economy.    67.  Manufactures. 

62.  Engineering.   65.  Communication  and    68.  Mechanic  Trades. 

63.  Agriculture.  Commerce.  69.  Building. 

66.  Chemical  Technology. 

Again,  each  of  the  subdivisions  of  engineering  bears  the 
above  number,  62,  with  another  distinguishing  numeral,  of  which 
the  second,  or  622,  stands  for  mining  engineering.  Similarly 
chemical  technology,  66,  includes  metallurgy,  which  bears  the 
number  669.  This  subdivision  may  be  carried  on  indefinitely. 
Thus  the  successive  numerals  in  669.337.531  stand  respectively 
for  useful  arts;  chemical  technology;  metallurgy-,  metallography 
and  assaying;  copper;  blast  furnace  copper  smelting;  the  pyritic 
blast  furnace  and  accessories;  disposal  of  the  gases;  flue  system. 
The  periods  are  placed  every  three  figures  merely  for  convenience 
in  reading. 

Mr.  Durham,  in  the  article  mentioned  above,  advises  the 
use  of  the  Dewey  system,  with  some  slight  modifications.  He 
confesses,  however,  that  his  file  has  outgrown  shelving  that 
occupies  one  whole  end  of  his  study,  and  has  become  a  burden, 
his  conclusion  being  that  a  filing  system  is  something  to  be 
avoided  by  the  engineer,  unless  he  be  a  fixture.  Mr.  Kenner 
criticises  the  Dewey  system,  though  in  his  own  he  has  used  the 
Dewey  method  while  adopting  independent  numbering. 
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For  libraries  the  Dewey  system  is  probably  as  satisfactory 
as  can  be  hoped  for,  and  for  the  sake  of  uniformity  if  for  no  other 
reason  it  will  doubtless  continue  to  be  used  widely.     It  does  not 
necessarily  follow,  however,  that  in  its  detailed  extension  it  is 
the  system  best  adapted  to  the  use  of  the  average  engineer,  even 
as  one  would  hardly  recommend  the  construction  of  an  elaborate 
mill  for  the  treatment  of  a  few  hundred  tons  of  ore.     For  instance, 
it  has  too  many  diversions,  and  it  will  be  found  far  more  con- 
venient  to   adopt   a   small    number   of  main   groups,    and  not 
attempt  the  subdivision  of  these  to  any  considerable  extent. 
Thus  it  will  be  desirable  to  have  one  place  for  flue  systems, 
instead  of  placing  them  under  the  headings  of  copper  blast 
furnaces,  pyritic  furnaces  and  reverberatory  furnaces,  as  in  the 
extended  system.     It  w^ill  also  be  useful  in  many  cases  to  sub- 
stitute, for  the  strict  group  classification  of  the  Dewey  system, 
one  in  which  recent  articles  will  be  most  easily  accessible,  as  they 
are  the  ones  most  frequently  required  for  reference.     It  often 
happens,  also,  that  one  wishes  to  make  more  than  ten  divisions 
of  a  subject,  and  this  is  not  provided  for  in  the  decimal  system 
except  by  a  subdivision  of  one  of  the  main  groups.     It  may  be 
done  readily,  however,  by  substituting  the  letters  of  the  alphabet 
for  the  numerals,  when  26  divisions  are  available.     By  a  com- 
bination of  the  two  ideas  this  may  be  extended  to  any  desired 
length;  thus  the  main  groups  may  be  designed  by  numbers, 
1  to  100  or  more,  while  the  divisions  of  these  will  be  by  letter, 
and  the  proper  place  in  each  division  by  number.     In  such  a 
plan  the  number  24B71  would  refer  to  group  24,  division  B  and 
No.  71  in  that  division.     Beyond  this  limit  very  few  engineers 
will  ever  find  it  necessary  to  go. 

All  the  above  applies  particularly  to  the  filing  of  clippings 
from  the  technical  magazines,  except  in  the  case  of  libraries, 
when  it  includes  the  arrangement  of  books.  No  filing  system, 
however,  will  in  itself  fully  meet  the  needs  of  the  engineer.  In 
connection  with  it  a  card  index  should  be  kept,  this  index  being 
made  as  simple  as  possible  but  covering  the  transactions  of  the 
mining  institutes  and  other  books  of  a  similar  nature  as  well  as 
the  files.  The  index  will  greatly  be  shortened  if  the  articles  filed 
according  to  subject  be  not  indexed  at  all.  Then  in  looking  up 
information  one  will  first  go  over  the  division  devoted  to  the 
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subject  in  question,  and  if  more  is  desired  consult  the  card  index 
covering  bound  volumes  and  such  articles  as  have  necessarily 
been  filed  out  of  their  own  groups.  Thus  it  will  be  possible  in 
a  few  moments  to  collect  all  the  available  literature  on  any 
desired  subject. 

A  few  illustrations  will  now  be  given  of  the  practical  applica- 
tion of  these  modifications  of  the  Dewey  system  to  various  con- 
ditions. But  it  should  be  remembered  that  these  are  only 
intended  to  be  illustrative,  and  one  engineer  need  no  more  think 
another's  filing  system  will  exactly  fit  his  own  needs  than  expect 
to  wear  with  comfort  the  latter's  hat,  coat,  and  boots.  The 
system  is  distinctly  'semi-ready,'  and  each  engineer  must  use 
his  own  judgment  in  the  choice  of  main  groups  in  which  he  is 
particularly  interested  and  in  the  further  division  of  these  for 
his  own  convenience. 

Illustration  I. — System  suggested  for  a  metallurgist  particularly 
interested  in  copper  and  lead. 

It  is  supposed  that  this  individual  is  a  subscriber  to  several 
technical  magazines  and  a  member  of  one  or  more  mining  or 
metallurgical  societies.  As  one  who  is  liable  to  move  from  place 
to  place  he  does  not  wish  to  use  a  freight  car  for  the  transportation 
of  his  technical  literature,  so  will  plan  to  keep  permanently  only 
the  bound  volumes  of  the  institutes,  a  few  up-to-date  text-books 
and  those  articles  in  the  technical  magazines  which  are  likely  to 
be  of  real  use  to  him.  He  wishes  to  dispense  with  such  articles 
as  may  become  out  of  date,  for  without  simplicity  and  real 
usefulness  his  system  will  soon  become  a  burden.  That  is  the 
one  thing  to  be  most  feared,  and  he  therefore  remembers  to  avoid 
the  cumbersome  and  complex,  particularly  in  laying  his  plans. 

He  first  has  a  carpenter  construct  for  him,  at  a  cost  of  a 
few  dollars,  a  filing  cabinet,  consisting  simply  of  a  set  of  shelves 
5  ft.  1|  in.  wide  by  5  ft.  8|  in.  high,  partitioned  into  30  uniform 
pigeon-holes  9|  in.  wide,  12  in.  deep,  and  12|  in.  high,  a  size  that 
will  conveniently  take  a  page  from  the  oridinary  technical 
magazine,  either  flat  or  on  end.  The  outside  measurements  given 
allow  for  the  construction  to  be  of  one-inch  material,  except  the 
vertical  partitions,  which  are  one-half  inch.  The  compartments 
are  in  five  horizontal  rows  of  six  each.     Above  the  first  four  rows 
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of  these  compartments  are  pasted  typewritten  slips  bearing  the 
tollowing  headings: — 


COPPER 

n>         1  .     ,         T^  rnace 


A.  General  Descriptive  Articles.    E.  Reverberatory  Fu 

B.  Leaching.  Smelting. 

C.  Roasting.  F.  Converting. 

D.  Blast  Furnace  Smelting.  G.  Refining. 

H.  Miscellaneous. 

LEAD 

I.  General  Descriptive  Articles.    L.  Other  Smelting. 

J;  Roasting.  M.  Refining. 

K.  Blast  Furnace  Smelting.  N.  Miscellaneous. 

O.  Other  Metals.  T.  Fuel. 

P.  Ore  Dressing.  U.  Refractories. 

Q.  Sampling  and  Assaying.  V.  Financial  Reports. 

^-  ^°^^^-  W.  Management  and  Labour. 

S.  Transportation.  X.  Miscellaneous. 

The  first  two  compartments  of  the  last  row  are  left  empty, 
but  wall  probably  be  used  later  for  subjects  which  were  not  at 
first  indexed  separately.     The  last  four  compartments  are  used 
to  hold  society  bulletins,  and  technical  magazines  received  but 
not  filed.     When  a  technical  magazine  is  received  it  is  read  and 
the  articles  worth  keeping  marked  in  pencil,  X,  XX,  or  XXX 
according  to  the  grading.     It  is  then  placed  in  the  bottom  row 
compartment  reserved  for  such,  and  to  it  are  added  others  that 
come  m  during  two  months.     At  the  end  of  the  second  month 
the  first  month's  magazines  are  removed— those  for  at  least 
one    month    always    being    retained    there— taken    apart,    the 
advertisements  and  articles  not  desired  being  discarded  while 
those  to  be  filed  are  all  placed  together.     They  are  then  ready 
to  be  numbered  and  indexed.     If  the  articles  are  to  be  placed 
vertically  m  the  cabinet  the  number  should  go  on  the  upper  left- 
hand  corner;  if  flat,  on  the  lower  right-hand  corner  of  each. 
First,  the  letter  showing  the  proper  compartment  is  marked  on 
the  sheet,  followed  by  the  numerical  position  of  the  article  in  its 
compartment,  thus  R23  would  be  the  23rd  article  filed  under 
'Power.'      When  all   have  been  numbered  the  indexing  is  done. 
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The  index  consists  of  a  small  cabinet  of  drawers  holding,  say, 
5,000  cards  three  by  five  inches.  The  first  article  is,  we  assume, 
a  very  good  one  on  the  North  American  Copper  Co.'s  Smelter, 
by  John  Jones,  and  describes  that  company's  roasters,  reverbera- 
tory  furnaces,  and  converters.  It  has  been  given  the  number 
A17,  and  the  notation  XXX.  It  is  then  indexed  under  North, 
Copper  Roasting,  Copper  Reverberatory  Furnaces,  Copper  Cov- 
verters,  and,  if  desired,  Jones.  On  the  first  card,  under  N,  would 
be  written:  A17— No.  Amer.  Cu.  Co.  Smelter— XXX. 

The  next  article  is  a  short  one  describing  the  construction 
of  tanks  in  electrolytic  lead  refining,  marked  M12,  XX.  This  is 
not  indexed  under  lead  refining,  as  all  the  articles  in  compartment 
M  are  on  that  subject.  An  index  card  under  T  is  inscribed: 
M12 — Tanks  in  Pb  Refin.,  Constr. — XX.  An  article  on  only 
one  subject  may  not  need  to  be  indexed  at  all,  the  examination 
of  its  compartment  locating  it  quickly  when  wanted.  When  two 
articles  ordinarily  filed  in  different  places  appear  on  the  same 
page  the  sheet  should  be  placed  in  the  compartment  of  the  more 
important  article,  and  the  index  be  made  to  refer  to  the  other. 
Any  society  bulletins  received  during  the  previous  month  are 
examined,  and  the  interesting  articles  indexed,  the  volume  and 
page  being  marked  on  the  card,  but  the  articles  not  being  filed. 
The  bulletins  are  simply  retained  till  the  bound  volume  contain- 
ing the  articles  arrives,  when  the  former  may  be  thrown  away. 
One  or  tv\'o  hours  per  month  will  probably  be  sufficient  to  file  and 
index  the  valuable  articles  received  by  the  average  engineer 
and  if  the  work  is  done  regularly  it  will  not  become  a  burden. 
After  such  a  system  has  been  followed  for  five  years  the  engineer 
should,  once  each  year,  go  over  his  files,  removing  and  looking 
over  the  articles  for  one  year  at  the  bottom  of  each  compartment. 
Many  articles  will  probably  be  out  of  date  by  then  and  may  be 
thrown  away.  This  practice  prevents  the  accumulation  of  a 
great  amount  of  dead  material. 

Illustration  II. — System  suggested  for  a  copper  plant  with 
concentrator,  roasters,  reverberatory  and  blast  furnaces,  and  con- 
verters. 

This  hypothetical  company  believes  in  providing  for  the  use 
of  its  staff  practically  all  the  technical  literature  published  in 
English  on  wet  concentration  and  smelting.     One  good-sized 
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room  is  set  apart  as  a  library,  and  all  the  desirable  text-books  are 
kept  on  the  shelves,  accessible  at  all  times  to  the  men,  but  not 
to  be  removed  from  the  building. 

In  the  arrangement  of  the  technical  magazines  two  main 
courses  are  open.     They  will  be  considered  separately. 

(a)  An  elaboration  of  the  system  already  described  for  the 
individual,  articles  being  clipped,  numbered  and  filed,  with  a 
comprehensive  cross-index.  As  the  number  of  articles  to  be 
filed  is  much  greater — being  taken  from  a  greater  number  of 
magazines  and  including  more  minor  articles — it  will  be  best  to 
choose  a  larger  number  of  main  groups,  and  to  subdivide  these, 
in  order  that  the  number  of  articles  in  any  one  division  may  be 
kept  within  reasonable  limits.  In  this  case  numbers,  instead  of 
letters,  must  be  given  the  main  groups,  but  letters  will  be  most 
suitable  for  the  subdivisions,  separating  the  numbers  of  the 
groups  from  those  showing  the  position  of  the  articles  in  the  sub- 
division, thus  27R16,  as  mentioned  above.  In  this  case  about 
60  compartments  should  be  provided  for  filing,  these  being  15  in. 
wide,  12  in.  deep  and  14  in.  high  to  allow  of  the  use  of  an  envelope, 
placed  vertically,  to  contain  the  articles  in  any  subdivision. 
The  following  is  a  grouping  which  might  be  adopted — to  save 
space  the  headings  of  subdivisions  are  not  given  except  under 
crushing,  this  beihg  simply  to  illustrate  the  method : 

ORE  DRESSING 

1.  General  Descriptive  Articles  (arranged  alphabetically  under  names  of 

companies). 

2.  Crushing. 

2A.     Theory. 

2B.     Jaw  Crushers. 

2C.     Gyratory  Crushers. 

2D.     Disc  Crushers. 

2E.     Rolls. 

2F.     Stamps. 

2G.     Chilian  and  Huntington  Mills. 

2H.     Ball  and  Tube  Mills. 

21.      Other  Crushers. 

2  J;      Miscellaneous. 

3.  Screening. 

4.  Classification. 

5.  Jigs. 

6.  Tables. 

7.  Slime  Treatment — Gravity 

8.  "  "  Flotation. 

9.  Mill  Buildings. 

10.  Costs. 

11.  Miscellaneous. 
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METALLURGY  OF  COPPER 

12.  General  Descriptive  Articles. 

13.  Leaching — Solution  of  Metals. 

14.  "  Precipitation. 

15.  Roasting  in  Multiple  Hearth  Furnaces. 

16.  Blast  Roasting. 

17.  Smelting  Blast  Furnace  Construction. 

18.  "  "   •  "         Operation. 

19.  "  "  "         Slags. 

20.  "  "  "         Miscellaneous. 

21.  "  Reverberator^'  Furnace  Construction. 

Firing. 


22 
23. 
24. 
25. 

26.  "  " 

27.  Converter  Construction. 

28.  "  Lining. 

29.  "  Operation. 

30.  "  Slags. 

31.  "  Miscellaneous 

32.  Flues. 

33.  Disposal  of  Dust. 

34.  Blowers. 

35.  Bins. 

36-  Sampling. 

37.  Assaying. 

38.  Costs. 

39.  Miscellaneous. 


Operation. 

Waste  Heat  Boilers. 

Slags. 

Miscellaneous. 


GENERAL 


40.  Metallurgy  of  Lead. 

41.  "  "  Zinc. 

42.  "  "  Gold  and  Silver. 

43.  "  "   Iron  and  Steel. 

44.  "  "  Other  Metals. 

45.  Power,  Electric. 

46.  "        Steam. 

47.  "        Gas  Engines. 

48.  Transportation  by  Rail. 

49.  Belt  Conveyors. 

50.  Fuel. 

51.  Refractories. 

52.  Financial  Pveports. 

53.  Management. 

54.  Labour. 

55.  Safety  First. 

56.  Miscellaneous. 

It  will  be  well  to  apportion  the  technical  magazines  to 
different  members  of  the  staff,  and  make  them  responsible  for 
marking  the  articles  to  be  indexed.  The  actual  work  of  indexing 
and  filing  should  be  done  by  a  junior,  who  may  have  to  spend 
up  to  one  day  per  month  on  this  task. 
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The  work  of  indexing  should  in  this  case  be  carried  out  in 
greater  detail  than  for  the  individual,  though  on  the  same 
general  plan.  As  it  will  seldom  be  necessary  to  move  the  filing 
cabinet,  every  article  which  is  at  all  likely  to  be  useful  should 
be  saved.  The  sheets  may  in  filing  be  placed  in  large  envelopes, 
each  containing  all  the  articles  in  one  subdivision,  and  opening 
outwards  for  easy  access,  or  the  subdivisions  may  be  separated 
by  projecting  cards.  The  system  of  numbering  is  the  same  as 
that  in  Illustration  1,  the  highest  numbers  in  each  section 
showing  the  latest  publications. 

(6)  The  advertisements  are  removed  from  magazines  and 
the  reading  matter  is  bound;  binders  being  usually  supplied  by 
the  publishing  houses  at  small  cost.  In  this  way  the  filing 
cabinet  is  required  only  for  occasional  pamphlets,  and  the  card 
index  becomes  all-important,  although  the  indices  of  the  pub- 
lishers cover  the  bound  volumes  separately.  As  in  the  previous 
illustrations,  the  index  includes  articles  in  the  transactions  of  the 
technical  societies.  This  system  is  the  one  best  adapted  for  use 
in  the  mining  schools.  Mr.  Keeney,  in  the  paper  referred  to 
above,  expresses  the  opinion  that  when  much  literature  is  being 
indexed  the  cards  should  be  arranged  according  to  the  subjects 
of  the  Dewey  system,  but  the  alphabetical  system  will  probably 
appeal  with  greater  force  to  the  average  engineer. 

Illustration  III. — System  suggested  for  the  filing  and  indexing 
of  mechanical  drawings. 

Conditions  are  in  this  instance  almost  ideal  for  filing,  and, 
as  the  drawings  will  usually  be  referred  to  over  a  long  period  of 
time,  it  will  pay  to  do  the  work  more  thoroughly  than  in  the 
previous  illustrations. 

The  drawings  are  best  kept  in  shallow  drawers,  of  which  a 
sufiicient  number  is  available  to  allow  of  a  maximum  of  100 
sheets  per  drawer.  A  classification  of  the  drawing  is  first  made 
according  to  subject,  the  latter  being  chosen  so  as  to  keep  the 
number  of  drawings  under  each  subject  within  the  capacity  of  a 
drawer.  Then  the  drawings  in  each  group  are  rearranged 
according  to  minor  subject.  The  major  groups  mentioned  are 
numbered  consecutively,  the  minor  groups  are  lettered,  and  the 
drawings  in  each  minor  group  numbered,  chronologically.     This 
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arrangement  is  the  same  as  that  given  under  Illustration  II  (a), 
so  that  15R7  refers  to  drawer  15,  sub-group  R,  and  drawing  7. 
As  new  drawings  are  made  they  are  thus  easily  placed  in  their 
proper  position.  The  usual  card  index  is  required,  and  it  is  also 
convenient  to  make  a  list  of  all  drawings  in  the  order  in  which 
they  are  found  in  the  drawers,  with  sufficient  spaces  left  for  the 
insertion  of  new  headings.  The  time  required  to  file  the  drawings 
thus  and  keep  up  to  date  a  list  and  index  is  trivial  compared 
with  that  expended  in  looking  for  drawings  kept  without  a  good 
system.  With  each  drawing  lettered  and  numbered  according 
to  its  exact  position  very  few  will  become  misplaced . 


A   PLEA   FOR  DEFINITE  TRAINING   F'OR  SOCIAL 

RESPONSIBILITY,  BY  MEANS  OF  OUR 

EDUCATIONAL  INSTITUTIONS.  ^ 

By  C.  V.  CoRLESS. 

Annual  Meeting,  Montreal,  March,  1917. 

In  previous  communications^  to  the  Institute,  the  writer 
discussed  at  considerable  length  some  of  the  causes  of  the 
general  antagonism  between  capital  and  labour,  dealt  with 
this  condition  as  one  problem  (certainly  one  of  the  most  funda- 
mental) in  our  social  development,  and  gave  strong  reasons 
for  his  belief  that  the  most  successful  mode  of  attack  of  these 
social  problems  will  prove  to  be  through  our  educational  insti- 
tutions. A  brief  outline  of  suggested  educational  reform,  look- 
ing to  this  end,  was  given  and  a  suggestion,  as  to  the  quickest 
and  most  effective  method  by  which  this  reform  might  be  insti- 
tuted, was  outlined.  Since  these  articles  were  published,  the 
writer  has  received  a  number  of  letters  indicating  very  deep 
interest  in  the  discussion  and  expressing  these  correspondents' 
belief  in  the  importance  and  practicability  of  the  suggestions 
therein  made.  The  whole  question  is  of  so  great  importance 
that  no  apology  is  needed  for  continuing  the  discussion. 

The  general  shaking  up  caused  by  the  war,  both  to  our 
ideas  and  to  society  itself,  more  especially  in  Europe,  has  caused 
many  revisions  of  accepted  opinions  regarding  social  as  well 
as  many  other  questions.  When  a  man,  for  any  occasion, 
has  need  to  rouse  himself  to  his  full  strength,  for  some  maximum 
exertion,  he  very  quickly  discovers  any  unknown  defects  in  his 
constitution  and  is  suddenly  reminded  of  any  known  weak- 
nesses, which  may  have  been  forgotten  in  ordinary  days  of  com- 
fortable existence.  When  the  exertion  is  past  he  will  do  well 
to  give  such  attention  to  these  defects  and  weaknesses  as  will 
restore  him  to  perfect  health  and  soundness  of  constitution. 
This  analogy  applies  very  closely  to  the  social  organism.  Are 
we  going  to  drop  back  into  the  old  groove,  when  the  war  is 
over?     Or,  are  we  really  determined  to  face  social  issues  squarely, 

iC.M.I.  Bull.  No.  53,  Sept.,  1916,  p    764;  see  a/50  C.M.I.  Bull.  No.  56, 
Dtc,  19!6,  p.  1035,  and  Bull.  No.  57,  Jan.  1917,  p.  43. 
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without  prejudice  from  apparent  personal  interests;  to  con- 
sider these  problems  with  the  same  degree  of  concentration 
as  we  apply  to  our  professional  difificulties;  and  to  use  our  full 
influence,  not  only  to  secure  palliatives,  but  to  bring  about 
that  wide-spread  interest  in,  and  study  of  them,  that  is  our 
only  hope  for  discovering  and  effecting  their  progressive  solution? 

Society  has  permitted  the  development  of  a  system  of  in- 
dustry that  creates  millionaires  and  paupers,  with  all  grades 
between;  that  segregates  thousands  of  people  in  spaces  that 
hundreds,  or  better  still,  tens,  should  occupy;  that  is  frequently 
more  careful  of  its  material  capital  than  of  its  human  capital; 
that  attaches  greater  importance  to  its  material,  than  to  its 
human  product;  that  more  and  more  concentrates  the  owner- 
ship of  industrial  capital  and  the  control  of  most  of  the  neces- 
saries and  luxuries  of  life  into  the  hands  of  a  few;  that  has, 
under  one  disguise  or  another,  substituted  in  many  cases  a 
degree  of  servitude,  without  responsibilit>'  of  the  masters,  for 
earlier  forms  of  serfdom  or  slavery  with  their  responsibility 
for  the  care  of  those  who  served.  We  have  developed  a  social 
condition  in  which,  to  a  large  extent,  privilege  and  responsibility 
have  become  dissociated;  in  which  rights  rather  than  duties 
are  mainly  insisted  upon ;  in  which  conduct  is  to  a  far  too  great 
extent  restrained  by  law  and  police,  rather  than  by  ethical 
principles;  in  which  stealing  a  morsel  of  bread,  in  order  to 
maintain  mere  existence,  may  lead  to  imprisonment,  whereas 
stealing  millions,  by  methods  of  high  finance  or  of  predatory 
business,  is  often  condoned  and  frequently  leads  to  social  pre- 
ferment; in  which,  more  and  more,  the  gilded  city  and  the 
movie  are,  by  the  many,  preferred  to  the  realities  of  rural  life 
and  the  beauties  and  attractions  of  nature  when  viewed  with 
intelligence.  We  have  evolved  an  educational  system  in  which 
an  attempt  is  made  to  develop  the  growing  minds  of  the  young 
by  feeding  them  almost  exclusively  on  the  husks  and  symbols  of 
knowledge — language  and  number,  whereas  the  absolute  necessity 
of  training  the  powers  of  observation  and  of  forming  the  habit  of 
independent  investigation,  discovery  and  reasoning,  as  a  basis  of 
real  mental  growth  and  vigour,  is  almost  entirely  overlooked; 
in  which,  for  higher  training,  knowledge  of  a  dead  language 
is  made  compulsory,  whereas  an  understanding  of  our  living 
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social  conditions  and  of  the  causes  underlying  them  is  ignored; 
in  which  we  are  only  now  beginning  to  realize  that  it  is  one  of 
the  highest  duties  of  the  State  to  train  its  citizens  to  become 
efficient  producers  of  tlie  world's  needs,  whether  of  goods  or 
of  services,  whereas  we  have  not  even  yet  as  a  people  come  to 
realize  that  the  State  owes  to  its  citizens  the  still  higher  duty 
of  giving  them  an  early  training  in  the  duties  of  efficient  citizen- 
ship. What  steps  can  be  taken  in  the  direction  of  bettering 
these  social  conitions?  Any  real  improvement  will  at  best 
be  gradual.  How  can  we  lay  a  sure  foundation  for  effectively 
accelerating  such  gradual  improvement? 

Scientific  and  industrial  research,  state-aided,  will  certainly 
add  to  the  nation's  wealth  and  is  therefore  highly  important. 
Wide-spread  and  intensified  vocational  training  will  add  enor- 
mously to  industrial  efficiency  and  therefore  to  national  wealth, 
and  hence  is  to  be  encouraged  to  the  utmost.  Conservation  of  our 
natural  resources,  the  lessening  of  national  waste,  is  again  con- 
ducive to  the  same  end  and  is  therefore  fundamental  to  our 
prosperity.  But  will  all  of  these  great  movements,  though 
of  vast  importance,  strike  at  the  root  of  the  matter?  Consider 
a  moment.  Was  it  not  industrial  advance,  based  on  scientific 
research,  that  has  resulted  in  present  social  conditions — the 
extremes  of  wealth  and  poverty,  the  segregation  of  large  popu- 
lations into  small  spaces,  the  continual  war  of  labour  and  capital, 
the  false  ideals,  with  the  attendant  evils  of  all  of  these?  Has 
not  the  engineering  training  of  our  vocational  colleges  merely 
accelerated  the  industrial  advance,  without  assisting  to  correct 
the  resulting  social  conditions?  Are  not  scientific  and  industrial 
research,  vocational  training,  conservation  and  all  other  similar 
movements,  of  vast  importance  as  they  are,  all  in  a  direction 
merely  to  increase  material  wealth  without  improving  its  dis- 
tribution? Unless  pari  passu  with  these  advances,  we  improve  in 
other  respects,  shall  we  not  merely  further  widen  the  chasm  that 
already  yawns  between  the  two  extremes  of  wealth  and  poverty 
and  thus  intensify  the  evils  of  the  existing  and  increasing  social 
stratification,  with  the  labour  antagonisms  and  other  evil  by- 
products engendered  by  it?  All  these  advances  are  but  parts 
of  a  mighty  economic  engine  constructed  by  society  for  the 
production  of  material  wealth.     But  they  do  not  provide  the 
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engine  with  an  effective  governor.  An  engine  so  built  and  so 
run  will  merely  race  to  its  own  destruction.  If,  parallel  with 
vocational  training,  we  introduce  into  our  educational  pro- 
gramme an  effective  compulsory  course  in  social  (including 
economic)  training,  we  shall  at  the  same  time  perfect  a  governor 
for  the  engine  and,  in  place  of  racing,  our  engine,  under  proper 
control,  will  become  a  most  efficient  instrument  of  service  to 
society  as  a  whole.  Some  preparation  will  thus  be  made  for 
meeting  the  menace  of  uncontrolled  distribution  of  the  wealth 
produced  by  human  energy. 

A  statement  in  the  Mining  and  Scientific  Press  of  January 
20th,  1917,  by  Saunders,  may  throw  light  on  the  extent  to  which 
such  conditions  are  being  created  in  the  United  States.  Similar 
conditions  prevail  in  Canada.  He  says:  "During  the  past 
25  years  the  population  in  the  United  States  has  increased  by 
about  70%,  while  the  important  basic  industries  have  been 
enlarged  at  a  rate  of  increase  between  500  and  600%".  This, 
as  is  well  known,  has  led  to  a  great  increase  in  national  wealth 
and  in  the  number  of  millionaires.  Has  it  appreciably  lessened 
the  percentage,  or  improved  the  condition,  of  the  slum-dwellers? 
As  stated  above,  we  admit  the  importance  of  scientific  mobili- 
zation of  our  material  resources  for  material  advancement, 
also  for  defense.  There  is  no  contention  against  this;  rather  the 
reverse.  But  we  do  maintain  that  great  emphasis  on  the  ways 
and  means  of  securing  material  progress  only,  unless  accom- 
panied by  equally  great  emphasis  on  those  planned  to  secure 
social  progress,  will  not  only  fail  of  the  highest  material  re- 
sults but  will  prove  to  develop,  along  with  such  material  progress, 
the  forces  that  will  effect  its  own  disintegration  and  final  destruc- 
tion. Strikes  and  lock-outs  are  manifestations  of  these  forces. 
We  do  maintain  that  scientific  and  industrial  research,  voca- 
tional training  and  conservation  of  natural  resources,  taken 
alone,  are  insufficient  to  attain  true  national  progress.  Voca- 
tional training  has  its  eye  on  material  advance.  Social  training 
has  its  eye  on  human  welfare.  Both  are  necessary  for  the 
highest  results  from  either.  Each  is  necessary  for  the  best 
results  from  the  other.  If  we  make  our  educational  system 
responsible  for  the  one,  why  should  we  not  make  it  equally 
responsible  for  the  other?     Why  should  we  allow  these  com- 
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plemcntary   aspects    of  a  well-balanced  educational  programme 
to  become  divorced  ? 

Every  reader  of  history  is  aware  that,  notwithstanding 
the  horrors  of  the  present  war,  altruistic  feeling  has,  on  the 
whole,  steadily  increased  in  Western  civilization.  The  dis- 
appearance of  gladiatorial  fighting  and  of  animal  baiting  for 
sport;  the  abolition  of  slavery  as  an  institution;  the  more  and 
more  humane  treatment  of  criminals;  the  steady  increase  of  such 
social  legislation  as  safety,  compensation,  insurance  and  pension 
laws;  the  spread  of  free  schools;  the  organization  of  such  phil- 
anthropic institutions  as  hospitals,  orphan  homes,  and  asylums 
for  physical  and  mental  defectives — all  these  point  in  one 
direction.  All  such  progress  indicates  a  growing  sympathy 
for  the  young,  the  stricken,  the  less  favoured  and  the  helpless. 
These  manifestations  of  growing  altruism  and  the  evidence 
of  a  spreading  belief  in  some  form  of  socialism  indicate  a  growing 
hunger  for  knowledge  and  understanding  of  social  problems, 
to  satisfy  which,  no  present  systematic  attempt  is  being  made 
by  means  of  our  educational  institutions.  We  believe  that  the 
most  efficient  means  of  increasing  the  rate  of  real  social  advance, 
and  of  counter-acting  the  spread  of  Utopian  theories  of  social 
progress  by  directing  into  more  practical  channels  the  energy 
now  spent  on  their  propagation,  will  prove  to  be,  as  herein 
advocated,  a  thorough  general  foundation  in  the  social  sciences, 
laid  by  our  educational  institutions. 

This  method  of  definitely  preparing  for  sound  social  ad- 
vance has  the  great  advantages  of  being  immediately  prac- 
ticable, of  avoiding  prejudiced  alarm  and  of  securing  progress 
by  development  and  forestalling  revolution.  It  prepares  indi- 
viduals definitely  for  entering  into  social  relationships  and  thus 
lessens  the  restraints  of  laws  and  police.  When  once  the  edu- 
cational programme  of  social  science  has  been  introduced  all 
down  the  line  of  our  educational  system,  society  will  become 
thoroughly  permeated  with  rational  ideas  of  social  progress, 
public  opinion  will  become  gradually  altered,  and  further  neces- 
sary social  legislation  will  be  only  a  natural  expression  of  the 
desires  of  the  people.  This  is  the  true  method  of  progress  in  a 
democratic  country. 

It  is  not  maintained  that  any  single  group  of  people,  or 
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any  one  class,  or  even  any  restricted  number  of  classes,  may 
be  responsible  for  prevailing  social  conditions.  We  are  all 
the  product  of  general  social  conditions,  inheritors  of  the  past, 
with  views  whose  foundation  was  laid  by  the  prevailing  educa- 
tional system  of  our  time.  We  little  realize  how  greatly  the 
centres  of  interest  formed  during  the  period  of  our  education, 
influence  the  lines  along  which  our  adult  reading,  study  and 
thought  will  be  continued.  This  is  frequently  expressed 
in  the  aphorism,  "As  the  twig  is  bent  so  is  the  tree  inclined." 
On  reaching  maturity  we  enter  into,  and  are  carried  along  by, 
the  current  of  present  day  activity  and  struggle,  with  but 
little  opportunity  and  no  educated  tendency,  to  try  to  obtain  a 
clear  and  deep  understanding  of  the  social  conditions  surround- 
ing us,  in  the  actions  and  re-actions  of  which  we  are  taking 
part.  We  merely  accept  them  as  being  a  necessary  condition 
of  our  existence  and  enter  into  the  general  struggle  with  no 
clearly  defined  principles  or  responsibilities.  We  look  to  per- 
sonal, not  to  social,  improvement.  No  clearly  defined  effort 
was  made  in  our  period  of  adolescence  when  we  were  forming 
mental  centres  that  would  determine  to  a  large  extent  our 
future  interest  in  and  attitude  toward  most  questions,  to  pre- 
pare our  minds  for  present  and  future  social  responsibility.  A 
golden  opportunity  was  missed.  How  can  this  condition  be 
improved  most  quickly?  To  the  writer  it  seems  almost  axio- 
matic that  the  work  can  most  quickly  and  most  efficiently  be 
undertaken  by  our  educational  institutions. 

Consider  for  a  moment  the  effect  of  early  education  in  a 
given  direction.  If  we  go  into  a  large  library,  which  alcove 
do  we  make  for?  If  not  seeking  mere  amusement,  nine  out  of 
ten  of  the  members  of  this  Institute  would  be  found  in  the 
technical  section  and  probably  eight  of  the  nine  in  the  mining 
or  metallurgical  corner.  Even  when  we  travel  for  pleasure 
many  of  us  involuntarily  make  for  a  mining  district.  Or,  if 
not,  we  head  toward  some  other  centre  of  interest  formed  early 
in  life.  These  illustrations  will  serve  to  make  clear  the  tendency 
to  grow  in  directions  fixed  early  in  life,  to  accumulate  informa- 
tion around  existing  centres  of  interest.  Seldom  are  abso- 
lutely new  centres  of  deep  and  lasting  interest  formed  after  we 
reach  full  maturity,  after  we  enter  the  rush  and  turmoil  of  busi- 
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ness  lite.  The  bending  must  be  done  during  adolescence,  while 
we  are  still  twigs.  We  may  later  grow  to  any  extent  in  the 
direction  toward  which  we  are  then  inclined.  Docs  not  this 
simple  illustration  suffice  to  indicate  the  vast  importance  of 
making  certain  that  the  great  question  of  social  progress,  here- 
tofore almost  entirely  neglected  as  a  clearly  defined  part  of 
our  general  educational  programme,  should  form  one  of  the 
centres  of  interest  of  prime  importance  in  the  growing  minds 
of  the  rising  generation? 

We  have  been  trained  under  an  educational  system  prac- 
tically ignoring  social  science.  Our  masters  were  practically 
all  similarly  trained  and  had  no  clear  and  adequate  knowledge 
of  social  and  economic  questions.  Is  it  any  wonder  that  we 
have  reached  our  present  period  of  life  with  views  not  clearly 
defined  on  these  important  and  highly  complex  questions? 
The  war  has  forced  our  minds  out  of  old  grooves.  We  now 
realize  that  here  is  a  vast  field  of  the  very  first  importance, 
regarding  which,  even  most  of  our  legislators,  who  received 
like  training  to  ourselves,  have  most  inadequate  knowledge. 
They  can  only  either  blindly  experiment  or,  as  more  generally 
happens,  avoid  the  issues.  While  urging  more  widespread 
vocational  training  with  great  vigour,  we  are  losing  sight  of  the 
fact  that  mere  increase  of  material  wealth,  with  the  practical 
exclusion  of  social  considerations,  will  only  add  to  existing 
evils.  We  even  more  urgently  need  educational  reform  in  this 
direction.  With  the  two  reforms,  the  one  looking  to  indi- 
vidual, and  the  other,  to  social  efficiency,  we  shall  not  only  be 
developing  a  productive  engine  of  great  power  but  we  shall 
also  have  taken  care  that  the  governor  is  properly  designed 
and  regulated.  A  democracy  individually  efficient  and  socially 
trained  and  efficient  must  be  one  not  only  of  wealth  but  of 
happiness  and  contentment. 

For  the  sake  of  clearness  and  definiteness,  let  us  assume 
that  the  programme  outlined  in  a  former  communication^  could 
be  brought  into  operation  at  once.     What  results  should  follow? 

In  the  first  place,  every  graduate  of  our  Universities  within 
five  years'  time  would  enter  into  private  business  or  public 
life,   with   a   trained   social   consciousness  and  a  clear  grasp   of 
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ethical  principles  as  a  guide  to  his  conscience  in  the  considera- 
tion of  social  relationships.  Every  graduate  would  have  such 
training  and  such  centres  of  interest  as  would  enable  him  to 
weigh  intelligently  the  probable  social,  economic,  civic  and 
political  consequences  of  such  a  change  as,  let  us  say,  the  grant- 
ing of  a  reasonable  living  wage  to  the  many  thousands  of  workers 
on  this  continent  who  cannot  under  present  conditions,  by  any 
possibility,  bring  up  their  families  in  decency  and  self-respect. 
He  would  also  from  his  ethical  training  have  a  rational  basis 
of  principles  for  the  guidance  of  his  conscience  as  to  where 
his  responsibility  lies  in  relation  to  the  class  of  problems  of 
which  this  is  typical. 

Within  say  the  next  five  years  our  schools  of  pedagogy, 
normal  and  high  schools  would  begin  to  turn  out  students 
with  similar,  though  not  quite  so  thorough,  training;  and 
within  say  five  more  years — say  15  years  in  all — even  our 
public  schools  would  begin  to  be  filled  with  teachers  having 
a  clear  knowledge  of  the  fundamentals  of  the  sciences  grouped 
under  the  term  Sociology,  such  as  would  give  them  an  entirely 
different  view  of  the  importance,  the  possibilities,  and  the 
responsibilities  of  their  work  and  an  altogether  new  view  of 
their  own  social  responsibility. 

Within  say  20  years  at  most  the  whole  scheme  would 
be  in  smooth  working  order  from  top  to  bottom  of  our 
educational  system.  At  the  same  time,  a  similar  change  in 
mental  attitude  toward  social  problems  would  have  begun 
to  permeate  society  through  all  the  other  professions 
receiving  training  at  our  educational  fountains — law,  medi- 
cine, theology,  engineering,  finance,  accountancy,  business 
management,  politics.  Practically  all  our  leaders  of  thought 
and  action  would  have  received  such  social  enlightenment 
during  their  period  of  preparation  as  would  substitute  thorough 
knowledge  of, and  deep  interest  in,  all  important  social  questions, 
for  the  present  inadequate  knowledge  and  prevailing  indiffer- 
ence regarding  these  questions. 

At  the  same  time,  our  lower  schools  would  more  and 
more  find  it  possible  to  impart  to  those  students  of  13  to  16 
years  who  must  finally  leave  school  then,  such  essentials 
of    social     knowledge     and     responsibility    as    constitute    the 
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basic  facts  on  which  society  rests.  It  would  of  course 
be  absurd  to  expect  to  impart  at  14  or  15  years  a  thorough 
knowledge  of  economics,  of  civics,  or  of  ethics.  None  the  less, 
the  teacher  with  clear  understanding  of  these,  deeply  interested 
in  social  progress  and  thoroughly  impressed  with  his  responsi- 
bility to  society,  will  find  that  such  a  foundation  in  social  know- 
ledge and  ethics  can  be  laid,  even  with  these  immature  students, 
as  will  lead  them  to  continue  their  interest  in  these  questions  in 
later  life,  to  recognize  their  place  in  the  civic  body,  and  thus  to 
become  more  intelligent  and  efficient  citizens  than  under  the 
present  system  of  training. 

In  the  meantime,  our  universities,  in  close  co-operation 
with  our  governments,  would  be  undertaking  intensive 
investigations  of  the  entire  range  of  social  phenomena  and 
would  be  finding,  as  years  pass,  a  wider  and  wider  circle  of 
readers,  and  a  deeper  and  deeper  interest  displayed  by  the 
public,  now  generally  trained  to  take  an  intelligent  interest  in 
these  questions. 

Will  you  venture  to  say  that  such  broadened,  deepened 
and  quickened  public  interest  would  not  result  in  furthering 
social  justice  and  improvement?  Can  you  mention  any  other 
institution  that  so  gets  at  the  root  of  the  matter  as  our 
educational  system,  properly  directed? 

This  educational  preparation  for  solving  social  problems 
and  for  turning  out  more  intelligent  and  efficient  citizens  does 
not  presuppose  any  particular  social  theory  such  as,  for  example, 
any  modification  of  socialism.  It  rests  on  the  belief  that  exist- 
ing social  ills  have  mainly  arisen  from  general  social  indifTer- 
ence;  this  in  turn  has  been  a  result,  partly  of  over-emphasis  of 
the  importance  of  material  wealth  coupled  with  failure  to  realize 
the  importance  of  the  human  factor,  partly  of  the  complexity 
of  the  problems  involved,  partly  of  human  inertia  and  general 
selfishness  and  partly  of  a  number  of  historical  causes.  It  rests, 
further,  on  the  belief  that  this  class  of  problems,  in  which  the 
interests  of  all  or  nearly  all  are  involved,  can  be  solved  only  by 
democratic  means,  that  is,  by  the  enlightenment  with  regard 
to  them,  of  large  numbers  of  people — the  majority,  in  fact.  It 
also  assumes  that,  with  so  many  conflicting  interests  involved, 
an  effective  solution  can  only  be  found  by  such  a  general  training 
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as  will  lead  to  a  widespread  concentration  of  mental  effort  on 
the  many  diverse  factors  involved.  This  necessitates  the  re- 
versal of  our  educational  policy  hitherto  followed  regarding 
social  science,  which  has  been  simply  a  policy  of  omission. 
Social  problems  can  never  be  solved  by  neglect;  nor  can  they  be 
successfully  solved  in  spots,  as  at  Ford,  or  elsewhere;  nor  can 
they  be  solved  by  alleviating  symptoms,  through  charity  or 
otherwise;  nor  will  they  be  solved  finally  without  raising  the 
general  average  social  and  ethical  consciousness  of  the  people 
and  altering  the  fundamental  conditions  that  give  rise  to  the 
problems. 

Increased  knowledge  of  social  conditions,  understanding  of 
necessary  social  relationships,  ethical  sensitiveness,  are  all 
fundamentally  necessary  to  the  solution.  The  institution  most 
readily  at  hand  and  most  easily  able,  or  that  can  most  easily  be 
endowed  with  ability  to  undertake  the  work,  is  our  educational 
system,  every  department  of  which,  from  university  to  common 
school,  is  needed.  Time  will  be  required  even  if  we  act  quickly. 
How  can  we  so  reach  the  public  as  to  lead  to  the  necessary  de- 
mand for  this  important  educational  reform?  If  undertaken 
at  once,  we  should  see  a  great  change  for  the  better,  within  the 
span  of  life  of  most  of  us  now  living.  I  well  remember  the 
introduction  of  temperance  teaching  into  our  schools  and  into 
those  of  many  of  the  States.  Today,  even  omitting  the  in- 
fluence of  the  war,  we  have  nearly  attained  to  prohibition  on 
this  continent  north  of  Mexico.  The  effort  at  the  time  was 
very  feeble,  very  forlorn — but  the  seed  germinated,  took  root  and 
is  maturing  into  an  abundant  harvest,  nevertheless.  How  vast 
will  be  the  harvest  if  we  can  effect  this  seed-sowing?  None  of 
us  can  begin  to  estimate  the  importance  of  the  results  that  would 
be  attained,  even  within  a  single  generation.  Seed  sown  by 
means  of  our  educational  institutions  is  cumulative  in  its  results. 
The  harvest  of  social  progress  resulting  from  it  will  be  both  con- 
tinuous and  increasing.  The  foundation  would  be  laid  for  a 
progressive  solution  of  existing  social  problems  and  for  a  continual 
study  and  understanding  of  new"  social  adjustments  as  the 
necessities  arise. 

We  are  members  of  a  democracy.  This  is  merely  another 
way  of  saying  that,  if  our  social  organization  and  institutions 
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are  to  be  iiniiroved,  it  tan  only  be  done  by  society  itself.     No 
superior  or  beneficent  government  or  other  power  will  accom- 
plish this  for  us.     Our  government  and  its  laws  are  the  expression 
and  reflection  (sometimes  inadequate  enough)  of  our  own  know- 
ledge and  wishes.     These  are  platitudes  of  which  we  need  re- 
minding.    Hence  society  can  only  be  improved   from  within. 
A  wide-spread  and  adequate  understanding  of  social  problems 
is  the  prime  requisite,  (1)  for  finding  their  solution  and  (2)  for 
effecting  their  solution.     He  who  now,  wittingly  or  unwittingly, 
takes  advantage  of  the  general  economic  ignorance  that  prevails 
and  secures  an  unjust  share  of  the  world's  goods  and  who  then 
makes  amends  by  big  philanthropy,  would  not  find  the  oppor- 
tunity and  would  probably  not  have  the  desire,  in  a  society 
trained  to  broad  and  deep  social  consciousness  and  sensitive 
to   the  principles  of  social   ethics.     This  general   condition   of 
mind  must  be  made  a  central  aim  of  our  educational  system. 
The  most  efficient  citizen  is  not  he  who  is  most  efficient  indus- 
trially only,  but  he  who  is  also  fully  aware  of  the  just  rights  of 
others  and  recognizes  them;  who  fully  realizes  his  interrelations 
with  other  members  of  society;  who  knows  that  his  personal 
welfare  is  inseparable  from  that  of  his  fellows.     As  well  may 
the  hand  smite  the  foot  or  the  eye,  as  a  man  be  unjust  to  his 
fellow  man.     We  need  a  complete  change  of  mental  attitude 
toward   social    questions.     Our   much-lauded    'individualism' — 
an  expression  of  merit  in  one  aspect,  but  a  mere  euphemism  for 
utter  selfishness    in  another — has  made  us  socially  indifTerent. 
It  is  a  result  of  our  education.     The  educational  system  that 
produced  it  must  be  so  modified  as  to  replace  social  indifference 
by  effective  social  knowledge.     Vocational  training  alone  will 
only  exaggerate  the  'individualism.'     Vocational  training  makes 
for  efficient  individuals.     It  must  be  supplemented  by  the  social 
training  we  are  advocating  as  a  corrective.     This  will  give  us 
not  only  efficient  individuals  but  efficient  citizens.     To  increase 
individual  efficiency  by  added  general  vocational  training  will 
merely  exaggerate  existing  social  evils.     Now  is  the  vital  time. 
While  introducing  the  industrial,  the  vocational  half  of  a  prac- 
tical educational  programme,  as  we  are  doing,  let  us  not  fail  to 
introduce  the   humanitarian   half   that  will   lead  to  intelligent 
and  efficient  citizenship. 
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The  aims  of  education  should  be  not  only  to  develop  the 
young  as  individuals  but  to  prepare  them  as  well  to  relate  them- 
selves intelligently  to  their  physical,  their  industrial  and  their 
social  environment.  If  we  lose  sight  of  the  last  of  these  aims,  as 
we  have  been  doing  to  a  great  extent,  how  can  we  hope  for  any 
other  result  than  social  inefficiency  and  confusion.  The  natural 
result  must  be  men  with  a  very  low  feeling  of  responsibility 
toward  society  and  toward  the  State.  Here  we  place  our  finger 
on  the  greatest  single  defect  in  the  present  educational  systems 
of  our  country. 

Even  to  mere  industrial  advancement,  there  are  two  funda- 
mental sets  of  conditions — material  conditions  and  human 
conditions.  On  the  material  side,  prosperity  is  based  on  growth 
of  inventions,  increase  of  real  capital,  (that  is,  the  apparatus  of 
production),  accumulation  of  savings  and  abundance  of  raw  ma- 
terials. On  the  human  side,  it  is  based  on  the  physical  health, 
intelligence,  morality  and  social  welfare  of  the  workers.  Look- 
ing at  the  question  nationally,  it  must  be  self-evident  that  even 
material  prosperity  is  lessened,  if  any  considerable  percentage  of 
the  population  is  kept  at  or  under  the  bread  line;  if  they  receive 
so  small  a  share  of  the  results  of  productive  effort  as  to  lower 
health,  intelligence  or  self-respect.  But  this  is  today  the 
well  known  condition  of  large  numbers  on  this  continent,  many 
of  them  in  the  absolutely  hopeless  state  of  mind  of  slum-dwellers. 
Our  social-consciousness  has  not  yet  been  developed  to  the 
point  at  which  this  problem  is  being  seriously  tackled  on  any 
broad  basis.  The  quickest  way  to  increase  social  consciousness 
is  definitely  to  introduce  a  thorough  social  training  into  our 
educational  system;  to  carry  out  the  most  extensive  researches 
through  the  co-operation  of  our  Governments,  Dominion  and 
Provincial,  and  our  Universities — under  the  direction  of  the 
latter — expanded  and  made  adequate  for  the  work.  All  such 
researches  should  be  kept  out  of  politics,  so  that  they  may  be 
carried  on  as  searches  after  truth,  which  is  impossible  if  there  is 
political  distraction.  The  propaganda,  which  will  widely 
disseminate  the  results  of  these  researches,  through  our  educa- 
tional system,  will  secure  the  necessary  political  support  for  such 
legislative  steps  as  research  proves  to  be  advisable.  In  a  demo- 
cratic country,  this  appears  to  be  the  surest  and  shortest  way  to 
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secure  definite  and  certain  advance  both  in  social  consciousness 
and  in  necessary  social  legislation.  We  thus  secure  not  only 
the  necessary  laws  but  the  disposition  to  obey  them.  Our  educa- 
tional system,  properly  conceived,  is  the  greatest  single  civilizing 
force  we  have.  To  secure  most  rapid  social  advance,  we  should 
no  longer  practically  ignore  the  possibilities  of  our  educational 
system  in  effecting  it. 

Ultimately  society  must  decide  what  is  fundamentally  a 
just  distribution  of  wealth ;  how  much  interest  and  rent  capital 
is  entitled  to;  what  is  a  just  return  to  the  business  man,  as 
profit,  for  the  risk  undertaken  and  enterprise  shown;  what  is  a 
just  return  to  labour;  what  are  the  just  rights  and  relationships 
of  the  public  in  relation  to  the  individual  business  enterprise; 
how  far  these  questions  can  be  answered  practically,  without 
removing  the  incentives  that  are  the  psychological  foundation 
of  material  progress.  Conceal  the  issue  from  ourselves,  or  post- 
pone the  issue  by  continued  social  indifference  as  we  may,  we 
do  well  to  recognize  the  ultimate  goal  and  to  measure  the  value 
of  any  tentative  forward  steps  by  their  progress  in  this  direction. 
Any  real  progress  toward  industrial  peace  and  social  justice 
will  be  toward  this  goal,  unless  indeed,  in  the  meantime,  society 
discovers  some  better  and  more  practical  system  than  that  of 
private  property  with  universal  competition,  which  seems  at 
present  unlikely. 

When  all  interests  are  considered,  is  it  possible  that  real 
progress  toward  settling  the  just  distribution  of  wealth  should 
be  made  without  some  form  of  regulation  by  public  authority? 
In  a  democracy,  can  any  better  preparation  for  such  progress  be 
made  than  by  a  thorough  general  training  of  all  our  leaders 
(educational,  professional,  industrial  and  social),  in  economics, 
public  responsibility  and  social  ethics?  A  shallow  training  will 
merely  increase  the  numbers  of  demagogues  and  agitators,  with 
all  the  cocksureness  of  those  who  have  never  even  discovered 
the  complexity  of  the  problems  for  which  they  offer  a  ready- 
made  solution.  At  the  same  time,  every  effort  must  be  made 
by  teachers  and  other  leaders,  thoroughly  trained  therefor, 
to  impart  to  every  member  of  the  community  a  deep  feeling 
of  social  responsibility  and  to  increase  not  only  true  social 
consciousness  but  ethical  sensitiveness.     All  must  somehow  be 
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brought  to  feel  that  the  fundamental  basis  of  present  society 
is  the  interdependence  and  responsibility  of  its  parts;  that 
the  parts  of  the  social  organism  are  as  interdependent  as  the 
organs,  nay,  even  as  the  very  cells,  of  the  human  body;  that 
rights  and  responsibilities  are  inseparable.  The  institution 
in  our  country  that  most  definitely  influences  the  ordinary  man, 
both  directly  and  indirectly,  is  our  educational  system.  Here 
is  a  great  humanitarian  opportunity  that  should  no  longer 
be  ignored. 

Why,  it  may  be  asked,  have  we  left  the  discussion  of  the 
problem  of  labour  and  capital  and  dealt  with  social  problems 
in  general?  For  those  who  have  not  followed  this  discussion 
in  its  earlier  stages,  I  would  merely  say  briefly  that  the  age-long 
industrial  dispute  is  merely  one  aspect  of  the  broader  question 
of  the  just  distribution  of  wealth,  which  problem  is  fundamental 
to  most  social  questions,  all  of  which  arise  from  the  failure  of 
our  social  evolution  to  keep  pace  with  our  material  advance- 
ment. The  antagonism  between  capital  and  labour  is  not 
an  isolated  question.  It  arises  from  a  more  fundamental 
general  condition.  It  is  symptomatic  in  nature.  If  you  went 
to  your  physician  suffering  from  a  headache,  he  would  probably 
look  you  over  thoroughly  and  might  finally  decide  you  were 
suffering  from  eye-strain,  from  indigestion,  or  from  some  specific 
disease.  He  would  not,  in  any  case,  attempt  to  cure  the  head- 
ache as  such.  True,  he  might  give  you  a  headache  powder 
in  order  to  relieve  the  symptom.  Our  previous  examination 
of  this  problems  had  not  proceeded  far  before  it  became  clear 
that  this  dispute  is  merely  a  symptom;  that  it  arises  funda- 
mentally from  lack  of  social  knowledge,  from  want  of  that  deep 
understanding  of  social  questions  that  must  be  based  on  thorough 
knowledge  and  above  all  from  deficiency  of  ethical  feeling. 
If  social  problems  were  widely  and  deeply  understood  and 
if  the  fundamental  training  of  all  led  to  ethical  sensitiveness, 
then  the  cure  of  this,  as  of  other  social  ills,  would  quickly  be 
effected  by  democratic  means.  Our  central  aim  should,  there- 
fore, be  to  use  every  available  educational  means,  omitting 
none  however  humble,  in  order  to  ensure  advance  toward  this 
condition  of  human  society. 
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This  does  not  mean  that,  while  working  in  this  direction, 
i  t  is  undesirable  to  take  any  possible  palliative  measures.  By 
all  means,  let  us  do  so.  Such  measures  the  writer  has  left  to 
others  to  deal  with,  as  not  being  within  the  scope  of  his  discussion. 
But  for  the  sake  of  clearness  and  for  real  progress,  it  is  neces- 
sary to  distinguish  clearly  when  we  are  attempting  to  alleviate 
the  symptom  and  when  we  are  working  in  the  direction  of  re- 
moval of  the  cause  of  the  social  ill. 

Hitherto,  our  social  adaptations  to  meet  altering  material 
conditions,  have  been  largely  haphazard,  blind  and  unconscious. 
Our  plea  is  that  our  social  progress  be  made  orderly,  purposeful 
and  conscious,  which  method  only  is  worthy  of  men  who  have 
reached  oj  r  advanced  stage  of  civilization  in  other  respects. 
To  accomplish  this,  we  believe  we  have  proven  it  to  be  neces- 
sary that  the  definite  study  of  social  questions  should  be  made 
a  fundamental  part  of  the  education  of  every  citizen  during 
adolescence.  How  else  can  this  end  be  definitely  reached? 
If  this  is  correct  (a  view  that  appears  to  the  writer  to  be  beyond 
controversy)  a  beginning  can  be  made  at  once.  We  have  in 
our  educational  systems  of  the  various  provinces,  machinery 
ready  and  in  operation.  We  have,  within  easy  grasp,  the 
possibility  of  effecting  a  silent  social  revolution  of  inestimable 
importance.  The  greatest  present  problem  is  how  to  gain  the 
ear  of  a  sufficient  number  of  the  public  in  order  to  bring 
adequate  pressure  to  bear  on  the  proper  authorities  to  effect 
the  necessary  educational  reform. 

The  fact  that  a  technical  institute  such  as  this  should 
set  aside  an  entire  session  for  a  discussion  of  questions  of  this 
nature,  is  of  deep  significance  and  is  reason  for  great  encourage- 
ment. This  discussion  indicates  that  the  members  of  this 
Institute  are  becoming  more  alive  to  the  fact  that  the  considera- 
tion of  technical  matters  only,  does  not  cover  the  full  scope 
of  the  mining  business  or  of  any  other  business.  It  indicates 
also  a  deepened  humanitarian  feeling  brought  about  mainly 
by  the  suffering,  sympathy  and  loyalty,  caused  by  the  war. 
Our  action  is  typical.  Similar  discussions  are  taking  place 
in  the  press  generally  and  in  most  other  organizations.  All 
this  indicates  a  very  widespread  readiness  to  take  definite  steps 
toward  the  progressive  solution  of  social  problems.  The  most 
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serious  question  for  us  to  consider  is:  How  can  we  help  secure 
that  unity  of  public  discussion  and  action  which  alone  can 
bring  concrete  results? 


Discussion 


Mr.  John  A.  Dresser:  This  paper  is  one  that  should  not  be 
passed  over  without  at  least  a  word  of  commendation,  even  if  to 
discuss  it  at  this  time  is  beyond  us.  Mr.  Corless  has  laid  out  for  us 
work  for  the  next  twenty-five  \'ears  or  more.  That  remark  is  not 
meant  to  be  derogatory,  but  quite  the  contrary. 

The  President:  On  behalf  of  the  Institute  I  wish  to  express 
to  Mr.  Corless  our  very  great  appreciation  of  his  thoughtful  ex- 
position of  this  most  important  subject.  As  Mr.  Dresser  has  re- 
marked while  few  of  us  feel  qualified  to  discuss  these  great  socio- 
logical problems,  we  are  all  nevertheless  giving  thought  to  their 
solution,  and  this  general  recognition  that  the  problem  exists  and 
must  be  faced  and  solved  is  bound  before  long  to  lead  to  definite 
action  and  important  results. 

Professor  J.  W.  Bell:  I  consider  this  paper  to  be  one  of  the 
most  important  ever  presented  to  the  Institute,  and  I  have  much 
pleasure  in  moving  the  following  resolution : 

"Resolved  that  the  Canadian  Mining  Institute  endorses  the 
educational  reforms  outlined  in  this  paper,  and  recommends  them 
to  the  careful  consideration  of  the  Educational  Departments  of  all 
the  Provinces  of  the  Dominion ;  and  that  copies  of  the  paper  and  of 
this  motion  be  sent  to  the  Ministers  of  Education  of  each  Prov- 
ince in  the  Dominion." 

The  resolution  was  seconded  by  Dr.  J.  B,  Porter  and  adopted 
unanimously. 
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